Rocky Flats Independent Verification

Sampling and Survey Report

Evaluation and Interpretation of the Residual
Radiological Surface Contamination Sampling Results

Buildings 727, 782, and 783
Survey Units 727-01, 727-02, 782-01, and 782-02

Volume I
March 2000
Work Performed Under DOE Contract No. DE-AC13-96GJ87335 : Apﬁ 200
RECEYE

- | ADMIN RECCRD
/ 2 L)D B779-A-000158




Rocky Flats Independent Verification

- Sampling and Survey Report
Buildings 727, 782, and 783
Survey Units 727-01, 727-02, 782-01, and 782-02

March 2000

Prepared by
U.S. Department of Energy
Grand Junction Office
Grand Junction, Colorado

Project Number RFL-131-0001-00-000
Document Number Z00007AA

Work Performed under DOE Contract No. DE-AC13-96GJ87335



Document Number Z00007AA Signature Page

Signature Page

Prepared by
Art Samiljan Date
Staff Health Physicist

Approved by
Steve Rima Date
Project, Technical Manager

Approved for

Release by
Michael Butherus Date
Manager, Major Projects

DOE/Grand Junction Office Sampling and Survey Report for Building 779 Cluster, Buildings 727, 782, and 783

March 2000 ~ Draft Final Page iii



Document Number ZOO007AA Contents
Contents
1.0 TOHTOQUCHION ...ceeceerrecieereeiseeetesreaeaesaeetessessesasesssnnsnestesesstessanseestsassnaeseenseseeseessesssestenseseses 1-1
1.1 Background.........ciiicnceiiiniiniicsrii it eaessas s 1-1
1.2 HISEOTY coeirrereiininieserenentecncsteesecssesresasssseesesatsabesst e s e s s assatssnesasesensnbesnnesasonssensenss 12
1.2.1 Building 727 ....... eeterereeere et e aste st h et e s Rt s et e Rt s R s et a st e s s et e ne b et nerees 1-2
1.2.2 BUilding 782 .cceueeeeeirieieesirnirsriscictseissesst s sesnesresrsessesa et sasetas 1-2
1.2.3 BUilding 783 ....ooveiericrieeirccerneeeeernntste s cesceessessesssestsstebesessssenessassassssenes 1-2
1.3  Current Condition of Buildings 727, 782, and 783 .............. ereveeaeeare e e eeaneeabeeraes 1-2
1.4 Overview of the Assessment and Independent Verification Process .........ccocvunne. 1-3
2.0 Field INVESHIGAtION. .....ccveerirrieeeirrieitenreceessneesacnasnssesssssesstsesess e sbesssesseersesssssssonsessnssnssnnins 2-1
2.1 MODbIHZAtION...ccceetereecrereereereee v et nenenane eeeeressaneresee st enae s e aeesrens 2-1
2.2 Field Selection of Survey Units for Independent Verification..........ccceeuvveecncunnes 2-1
2.3 Field Identification of Sample LOCARtIONS .......ccvcerrerrerremsirimriinsnenseiieisstnntineniciaeennes 2-3
2.4 Sampling Equipment and Procedures........c.ccceceevevveeniiniinsicnrnnecnncnienneniennnenes 2-16
2.4.1 Radiological Instrumentation...........ccoceeverrenerernessenssesnneensensssesssiesnsesssensenns 2-16
2.4.2 Sampling.......cccccevvrrerveeerrerenienns tererestesneeeenranes erreeesersreeresereenseeseereensenanne 2-17
24.2.1 Smear Sampling .....cccovvuveeerineiinncniien e 2-17
2.42.2 Surface Media Sampling .........cccceovevcmiininscnininnnniniininnincnnne 2-17
2.4.3 Laboratory MEasurements .........c..cceceecresseessassussssessessssesssssseessessacssnes feeeeeeas 2-18
2.4.4 Field Measurements.......cccccecerirrerscsrenseneneseneissesesresssessnessnsssesssssssessesaes 2-19
2.4.4.1 Background Determination .............cceceeeerivererererseressssesssesesesenss 2-19
2.4.4.2 Direct Static Surface Radioactivity Measurements...................... 2-20
3.0 Sampling and SUIVEY RESULLS........ccecreemreeierierenienrtneesrestessesesessessaeenessesstesseesessessnssesseone 3-1
3.1 Direct Static Field Measurements............cccceecererrecreciniersoserseeseresssssossenensessessense 3-1
3.1.1 Background Measurements..........ccceeereeeceerenerrenssmssessieseesssesssssssessessesesesesns 3-1
3.1.1.1  Background AQJUSIMENL........c.ceveeveeurrerrrnereessessssesnsssscssessssssesassneaes 3-7
3.1.2 Field Measurement Data.........ccccceeevincrnenninriecnsininininnnnessennseesieinnsonnenes 3-9
3.1.2.1 Post Surface Media Sampling Measurements................... rereeennas 3-16
3.2  Laboratory MEaSUIEMENLS ........c.ceeererersreerereseenrsnsaesinesaesseesstesseessessaessessassansssesnsasss 3-24
3.2.1 Smear SAMPIES.....cccurvrererericrienienteseeteeste st esesseesareserste s e sn e eenesaesnsen 3-26
3.2.2 Surface Media SAmPIES.......ccorereiirecreeccerennirennersseirererresssessteeseeosessesseneses 3-26
4.0 Analysis of Sample Plan Results for Compliance........cccecenvieriinneineninncninnnncienncnnnae, 4-1
4.1 Survey and Sampling Results Compared to the DCGLS.......coocevviiiercincniininiinnens 4-2
4.1.1 Direct Static Surface Measurements........cccocereerveereecenreeseesresierseesreraeeorsenseencd—2
4.1.2 Smear Samples for Removable Surface Contamination............cceceeverreeneniene 44
4.1.3 Surface Media SamPIes.......ccoovvercivierirrreniinniiseenieneeneseeseessessestesaessessessessesne 4-5
4.2 Summary of Field Sampling Data ...........ccccecinininninnnenceneenreeeeeereceesseseenas 46
5.0 Graphic Presentations of the Survey and Sampling Results ... 5-1
5.1 Posting Plots—Spatial Contamination Distribution Graphics...........ceceecrcererinenneen 5-1
5.2 Histograms—Concentration Distribution Graphics .........cccceeeevieerveercrcercenerceranenes 5-1
5.3 High-Low Graphs—Data Variability Graphics.......ccccecevvmvirvrsenrnenncsnnicrennnene 5-30
6.0 Quality Control Sampling Results and Analysis.......ccococevierreviererserinrcnnneesenteieeneeeneenes 6-1
6.1 Stage I—Independent Quality Control of the Contractor’s Sampling...................... 61
6.1.1 Smear SAMPIES......ccoeviviiriireririeieineetereere ettt one 6-1
6.1.2 Surface Media SAmPpIes........oeevreeriererinrieneinirstiteseseseesresesesseessessnsassasseens 64
6.1.3 Direct Surface Emission Measurements ..........cooeeveeeeueceenieninnincnncsnenensenninnens 66
6.2 Stage [[—Quality Control of the Independent Verification Sampling............c..c.c.. 6-7
6.2.1 Smear SamPIES......cccecvieiciereriniriieirie ettt sre et e a s saaseees 6-7
DOE/Grand Junction Office Sampling and Survey Report for Building 779 Cluster, Buildings 727, 782, and 783

March 2000 _ Draft Final Page v



A

Contents Document Number Z00007AA

6.2.2 Surface Media SamPpIEs........coecevereirminrisieiniiiiinienienninsiesstes st ssneans 69

6.2.3 Direct Static Measurements............. ereeetetearr et te sttt eaen et an e rsteseaanteseanate 6-13

6.2.3.1 Replicate Field Measurements ...........coceuvenrinsnerirnineineresnsienienennns 6-14

6.2.3.2 Instrument Response Check Data.........ccovevviiicinivnnnireniniinnnnnn. 6-14

7.0 Data Quality ADalysis .....c.cooeevreerrenernsinriscnsirnneisernsssessessasennes eeeeessssns bt aees 7-1

7.1 Detection Limit AdEqUACY .......ccoveterirririeinieniisiniriiniesinsesissssessessesresssesnssnsssnssssseses 7-1

7.2 Sample Size and Statistical POWET.........cccovvivmiiiminineininiieees e 7-2

7.3 Measurement Uncertainty and Data Quality Indicators ..........eoevecvuevieirenenecinnnens 7-10

7.4 Overall Quality Assurance and Quality CORtrol.........ccocevurererrererrecuersensunsuessessnnens 7-11

8.0 Summary and Conclusions........ccceeeerceririrseesienseeseesiensnenns eeererseeesaeeaeetestesatesaeasatsnneaeas 8-1

8.1 Independent Verification Sampling and Survey .........cccocceieciineniinnenieniesnesieninnanns 8-1

8.2 Independent Review of the Contractor’s Final Status Survey Report and
CONCIUSIONS. .. .cecveerereierieeresseeneesentestenesaseseesassatisoseestessessissessessnsssssnsessessesssssnssesnnes 8-2
0.0 RETEIENCES .ccoovveeeeeieeireveeiivriveierevreeereevenssnnssssessassesnasenane ettereereseeesiartrtrerrenetessesisasarrranranraees 9-1
Figures

Figure 2—1. Sampling Grid—Survey Unit 72701 ......c.cccoviinninininiinnsiecteteenenesiesnnenees 2-4

Figure 2-2. Sampling Grid—Survey Unit 727-01 ......cccccovirinrnniinenirinnninennncneennan, 2-10

. Figure 2-3. Sample Location Identifier ..........cccoreiniiiniinciinierinievirininennenseisseeeenen, 2-16

Figure 2-4. Direct Static Surface Contamination Measurement Configuration..............cc....... 2-16

Figure 2-5. Photo of Rotary Impact Drill and Bit .......cceccovvvivivmniinnininiiiiininencciincne, 2-18

Figure 2—6. Surface Media Sample Collection...........c.ccocevvevvrrmrrrcissnncininsinnnisnionnenneens w.. 2-19

Figure 3—1. Data Evaluation Statistics—*“Free Air” Instrument Background, 727-01 .............. 3-3

Figure 3-2. Data Evaluation Statistics—Direct Static Surface Measurements, 727-01 .......... 3-12

Figure 3-3. Data Evaluation Statistics—Direct Static Surface Measurements, 727-01 .......... 3-19

Figure 3—4. Data Evaluation Statistics—Uranium Series Activity, Surface Media Samples... 3-33
Figure 3-5. Data Evaluation Statistics—Transuranic Series Activity,

Surface Media Samples......c..cooevemrinereiiienniniiiciec s 3-37

Figure 5-1. Posting Plot—Direct Static Surface Contamination Measurements.................... e 52

Figure 5-2. Posting Plot—Surface Media Samples, Transuranic ACtiVity .........cecevrvrererurrernnns 5-8

Figure 5-3. Posting Plot—Surface Media Samples, Uranium Series Activity........ccceerueneneee 5-14

Figure 5—4. Histogram—Instrument Background Measurements, 727-01 ............ccccceevrvueee. 5-20

Figure 5-5. Histogram—Direct Static Surface Contamination Measurements, 727-01.......... 5-22
Figure 5-6. Histogram—Post Surface Media Sampling Direct Static

Surface Measurements, 727—01 .....cccovuirireniriieiienireeeeisnreseessscsnsreeeseersssasesssssnne 524

Figure 5-7. Histogram—Surface Media Samples, Transuranic Activity, 727-01.................... 5-26

Figure 5-8. Histogram—Surface Media Samples, Uranium Series Activity, 727-01.............. 528

Figure 5-9. High-Low Graphs—Direct Static Surface Measurements, 727-01 ...................... 5-31

Figure 5-10. High-Low Graphs—Surface Media Samples, Transuranic Activity, 727-01 .... 5-33
Figure 5-11. High-Low Graphs—Surface Media Samples, Uranium Series

ACHVILY, 72701 oiieeereceeeneceerenrereresae et e ssesssseseasesseasesssssessaesesessenes 5-35
Figure 6-1. Comparison of Duplicate Alpha Isotopic Sample Analysis Results...................... 6-13
Figure 6-2. Comparison Between Replicate Direct Static Measurements..............ccoecerervenene 6-14
Figure 6-3. Instrument Response Check Control Chart, Survey Unit 727-01........cccccevuueueee. 6-16
Figure 6-4. Instrument Response Check Control Chart, Survey Unit 727-02..........ccccuecueuen. 6-17
Figure 6-5. Instrument Response Check Control Chart, Survey Unit 782-01......................... 617
Figure 6—6. Instrument Response Check Control Chart, Survey Unit 782-02......................... 6-18
Sampling and Survey Report for Building 779 Cluster, Buildings 727, 782, and 783 DOE/Grand Junction Office
Page vi Draft Final March 2000



Document Number Z00007AA - Contents

Figure 7-1. Retrospective Power of the Sign Test—Direct Static Surface Measurements........ 7-3

Figure 7-2. Retrospective Power of the Sign Test—Smear Sample Measurements.................. 7-5
Figure 7-3. Retrospective Power of the Sign Test—Smear Media Samples/ '

TraNSUIANIC ACHVILY ..uceviueeeereeirereereereeeceersssssssssessassesanasassnessessesssssssnsensassenes 7-6
Figure 7-4. Retrospective Power of the Sign Test—Surface Media Samples/

UTanium SETIES ACHVILY .......eeveveverineurssresisesraesssssesesssesessssesesseasasssseseresssssesssssssesessns 7-8

Tables
Table 2-1. Survey Units Identified for Building 779 Cluster.........cccooveienieineniennnniienianinnens 2-2
Table 2-2. Smear Sample Analytical Method...........eceereereeeesersersemsinmsrmscmsesssansinesssssssenes 2-18
Table 2-3. Surface Media Sample Analytical Method........ccocvvvvenvmnnininiien, 2-19
Table 3—1. Direct Static Measurement Background Data, Buildings 727, 782, and 783 ........... 3-2
Table 3-2. Background Data Summary StatiStiCs ........ccceerrermvininiiirnesiinevneiseesesseenenannens 3-7
Table 3-3. Static Surface Contamination Measurement MDA Parameters ........cccccovevicuennennen 3-8
Table 3—4. Direct Static Surface Contamination Measurements, Survey Units 727-01,
72702, 78201, and 782-02.....ccouvererrererreinrereeesestntensnisseeessesessessesssissassorsoses 3-11

Table 3-5. Summary Statistics, Direct Static Measurements, Buildings 727, 782, and 783.... 3-16
Table 3—6. Post Surface Media Sample Direct Static Surface Measurements,

Survey Units 727-01, 727-02, 78201, and 782-02........ccccevrevvimrcrrermsinisersrennnnne 3-17
Table 3-7. Summary Statistics, Post Media Sampling Direct Static Measurements................ 3-18
Table 3—8. Comparison of Direct Static Measurement Data Sets Summary Statistics,

SUIVEY URt 72701 c.coerieeieeereieeeesieieeetstssessee s nssessentssissssnesasssesessessesnenes 3-18
Table 3-9. Comparison of Direct Static Measurement Data Sets Summary Statistics,

SUIVEY Uit 727—02 .c.ceiieiriieentererereceseenrtnsstsnsccseesaesssestessssrsssessassnesssssessssses 3-23
Table 3-10. Comparison of Direct Static Measurement Data Sets Summary Statistics, ......... 3-23
Table 3—11. Comparison of Direct Static Measurement Data Sets Summary Statistics, ......... 3-24
Table 3-12. Direct Static Surface Measurements Data Sets, Survey Units 727-01, 72702,

782—01, and T82—02.......ccuccenererirrerereeeteeesssteseesessessossssretsasssessessenssresssrnenns 3-25
Table 3—-13. Smear Sample Identification Crosswalk, Survey Units 727-01, 727-02,
78201, and 782—02......ccneereeireereeieeesereeeererereesaesseesesste s ensenesnssssssbesassssessenssnns 3-27

Table 3-14. Summary of Analytical Report Data for Smears.......ccccovericiecinininnncciinnnnn. 3-28
Table 3—15. Surface Media Sample Data, Buildings 727 and 783, Survey Unit 727-01—..... 3-29
Table 3-16. Summary Statistics, Surface Media Samples ......ccoceeveerirmnvivniniciininiiiicniens 3-41
Table 4-1. Comparison of Direct Static Survey Measurements to Applicable DCGLs............. 4-3
Table 4-2..Comparison of Background Adjusted Direct Static Survey Results to

ApPlicable DCGLS.....c.occeveirereieeicsiericetie sttt esssssssneases 4-3
Table 4-3. Comparison of Smear Sample Results to Applicable DCGLw. ..ccooovcivviivcnnnnnnenn 44
Table 4—4. Comparison of Surface Media Sample Results to Applicable DCGLs.................... 4-5

Table 6-1. Results of the Contractor’s Assay of QC Smear Samples Provided by the IVC...... 6-3
Table 6-2. Results of the Contractor’s Assay of QC Surface Media Samples Provided

DY the TVC ..ttt sttt csbe st saes s n e e asa s 64
Table 6-3. Comparison of Response of Instruments Used to Make Direct Surface

MEASUTEINENLS ....cceeeserereierreerreneeseeeserreseeseeeetessesssesesisesesssessassnsssssseersssessssssessesssssnenns 66
Table 64. Results of the GJO Analytical Laboratory Assay of QC Smear Samples

Provided by the IVC ...t creeccneenesntias st sntenessae 6-8

Table 6-5. Results of the IV Laboratory Internal QC Measurements for Smear Samples....... 6-10

DOE/Grand Junction Office Sampling and Survey Report for Building 779 Cluster, Buildings 727, 782, and 783
March 2000 : Draft Final Page vii



Contents ' Document Number Z00007AA

Table 6-6. Results of the IV Laboratory Internal Blank QC Measurements for

_ Surface Media Samples.......cccccvvreerrmrimrerrcerenenesnneststessesssensserissessenessassesessnens 6-11
Table 6-7. Results of the IV Laboratory Internal LCS QC Measurements for
Surface Media SAmPIES.......coccererveieeneninrintininineniiineseiiesr e ssessesesesesnees 6-12
Table 6-8. Results of the IV Laboratory Internal Duplicate QC Measurements for
Surface Media SAmPIEs......cccecveevernerecnieineinncrineeneennirstieesesies s sneessesneens 6-13
Table 6-9. Results of Replicate Direct Static Surface QC Measurements.........coceeeveevrnenenses 6-15
Table 7-1. Adequacy of Independent Verification Measurement Detection Limits................... 7-1
Table 7-2. Target Data Quality Indicators and Findings........ccccocevuvrivvinnnrninnnsensnieienninee 7-12
Table 8—1. Comparison of Buildings 727, 782, and 783 DCGLs to Highest Observed
Compliance Parameters ..........cooerterireteruernninsisstisecsnesnesmosnsssssmsssssssssenssesnessessessasses 8-1
Appendices
Appendix A Random Selection Data..........ccccoiiiiiininininiincnniniiiininninineinenensesenneeeens A-1
Appendix B Manufacturer’s Certification .........oceeevvvniniiieneneniiinicneneesneestenennn B-1
Appendix C Analytical Laboratory Reports—Requisition Numbers 16900, 16901, 16904,
16905, 16906, and 16908 ..........covveerviiincnnriiiiniseseeneirsr s ssssessssesaeas C-1
Appendix D Background Sample Data...........cocoviivinicrinnninininincenneenecneeeenenns D-1
Appendix E Background Data Set........ccccveeoreriniininiriniiecninnter et E-1
Appendix F  Duplicate Sample Data........ccccovviirenrerininininniiniciictnnercinneseenessesneesennes F-~1
Appendix G Instrument Calibration Data .........c.cccoveririniiiininninviirinccirnierreiseeeseeeeeesenes G-1
Appendix H Raw Data ...ttt cnsestsenesnsesseensees H-1
Sampling and Survey Report for Building 779 Cluster, Buildings 727, 782, and 783 DOE/Grand Junction Office
Page viii ~ Draft Final March 2000



Document Number Z00007AA

Acronyms and Abbreviations

Am-241
CcCv
CDPHE
CLP
cpm
cm’
D&D
DCGL
DCGLgmMc
DCGLw
DOE
dpm
DQA
DQI
DQO
EPA
GJO

v

IvC
IVP
LCS
MARSSIM
MDA
mm

m?
NIST
PB

pCi
Pu-238
Pu-239
Pu-240
QA

QC
RFETS
RFFO
RMRS
SAP

8]
UCLgs

Acronyms and Abbreviations

americium-241

continuing calibration verification

Colorado Department of Public Health and Environment
Contract Laboratory Program .

counts per minute

square centimeter(s)

decontamination and decomissioning

derived concentration guideline level

derived concentration guideline level-elevated measurement comparison
derived concentration guideline level-average concentration
U.S. Department of Energy

disintegration(s) per minute

data quality analysis

data quality indicator

data quality objective

U.S. Environmental Protection Agency

Grand Junction Office

independent verification

independent verification contractor

independent verification program

laboratory control sample

Multi-Agency Radiation Survey and Site Investigation Manual
minimum detectable activity

millimeter(s)

square meter(s)

National Institute of Standards and Technology
preparation blank

picoCurie(s)

plutonium-238

plutonium-239

plutonium-240

quality assurance

quality control

Rocky Flats Environmental Technology Site

Rocky Flats Field Office

Rocky Mountain Remediation Services

Sampling and Analysis Plan

uranium '

95 percent upper confidence limit

£y
[

DOE/Grand juvaction Office

March 2000

Sampling and Survey Report for Building 779 Cluster, Buildings 727, 782, and 783
Draft Final Page ix



Document Number Z00007AA Introduction

1.0 Introduction

1.1 Background

This sampling and survey report evaluates the final status survey data collected in Buildings 727,
782, and 783, both by the Rocky Flats Environmental Technology Site’s (RFETS) Contractors
(Kaiser-Hill, Rocky Mountain Remediation Services, L.L.C., and their subcontractors, hereafter
referred to as the Contractor) and by MACTEC-ERS, the independent verification contractor
(IVC). Data collected by the IVC is designed to independently assess and verify the RFETS’
compliance with the approved derived concentration guideline levels (DCGL) established for the
buildings in the 779 Cluster. Data collected by the Contractor has been reviewed by the IVC and
compared with the independent verification data collected by the IVC.

The sampling and survey data collected has been compared with the approved surface
contamination concentration benchmark values known as DCGLs. The RFETS DCGLs for
surface contamination concentration are specified in the Contractor’s Closeout Radiological
Survey Plan for the 779 Cluster (RMRS 1999a). The independent verification DCGLs are
specified in the IVC’s Independent Verification Sampling and Analysis Plan for Building 779
Cluster (DOE 1999a).

Samples collected and surveys performed to obtain independent verification and corroboration of
the RFETS sampling and survey results were collected in accordance with the U.S.
Environmental Protection Agency (EPA), Colorado Department of Public Health and
Environment (CDPHE), and U.S. Department of Energy (DOE) approved Independent
Verification Sampling and Analysis Plan for Building 779 Cluster IV SAP) (DOE 1999a). The
data is evaluated herein principally on the Multi-Agency Radiation Survey and Site Investigation
Manual (MARSSIM) data quality assessment methods, conventional guidance from EPA, and
accepted practice and methods used in radiological site assessment and characterization.
Principal guidance documents include: '

o Multi-Agency Radiation Survey and Sfte Investigation Manual (EPA 1997)

e Data Quality Objectives Process for Superfund (EPA 1993)

o Guidance for Data Quality Assessment—Practical Methods for Data Analysis (EPA 1998)

o Manual for Conducting Radiological Surveys in Support of License Termination (NRC 1992)

o A Nonparametric Statistical Methodology for the Design and Analysis of Final Status
Decommissioning Surveys (NRC 1995)

A common theme in these guidance sources is the use of a seven-step data quality objective
(DQO) activity as the foundation for the SAP development and subsequent data evaluation.

Following this introductory background is a discussion of Buildings 727, 782, and 783 histories
and an overview of the assessment and independent verification process used. Section 2
describes the field methods and procedures used to collect data. Section 3 presents the sampling
results and summary statistics for each subset of data. It also describes the data reduction process

DOE/Grand Junction Office Sampling and Survey Report for Building 779 Cluster, Buildings 727, 782, and 783
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used and statistical comparisons of the data subsets and their significance. Section 4 presents the
sampling results in the context of compliance with the benchmark values while Section 5
presents the survey and sampling results in a graphic format. Evaluation of the Contractor’s Final
Status Radiological Survey, computations, and conclusions are presented in Section 6. The IVC
collected data are compared to their respective DQOs in what is termed the Data Quality
Analysis in Section 7. Section 8 summarizes the data quality analysis, provides objective
assessment of the concentrations of residual contamination found in the buildings, and offers
conclusions and recommendations for disposition of the buildings. Appendices are included to
provide additional detail where appropriate. '

The risk manager and decision maker for this project is DOE-Rocky Flats Field Office
(DOE-RFFO).

1.2 History

The Building 779 Cluster is located on DOE’s Rocky Flats site near Golden, Colorado. The site
is a former nuclear weapons production facility. The various process facilities and laboratories
were grouped together with their various support buildings and structures and identified as
“clusters,” with the building number of the principal building as the cluster name (e.g., the

~ Building 779 Cluster). The 779 Cluster was primarily used for research and development

activities and supported a number of various operations as part of the research and development
mission including 1) process chemistry technology, 2) physical metallurgy, 3) machining and
gauging, 4) joining technology, and 5) hydriding operatlons No processes or operations are now
active,

1.2.1 Building 727

Building 727 is a single story structure constructed in 1973 that housed the emergency diesel
generator in support of Building 782. The walls are cinderblock and the roof is fiberboard and tar
with ballast material supported by beams.

1.2.2 Building 782

Building 782 is a single story structure constructed in 1973 that served as the second plenum
building for Building 779. The walls are prefabricated concrete panels and concrete support
columns. The roof is fiberboard and tar with ballast material supported by Tee beams.

1.2.3 Building 783

Building 783 is a single story structure constructed in 1973 that housed the motor control centers
for the Building 779 cooling towers and circulating pumps as well as the circulating pumps
themselves. The walls and roof are galvanized steel.

1.3 Current Condition of Buildings 727, 782, and 783

Buildings 727, 782, and 783 underwent a decontamination and decommissioning (D&D) process
to ready it for final status radiological survey. In the D&D process, the buildings were stripped of
utility services, and equipment and penetrations were removed or cut flush with the walls. All
penetrations in the slab were grouted and will remain until environmental restoration is

Sampling and Survey Report for Building 779 Cluster, Buildings 727, 782, and 783 DOE/Grand Junction Office
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accomplished. All areas where contamination was detected were decontaminated by the
contractor prior to conducting the final survey. Buildings 727, 782, and 783 were initially
subdivided into five survey units. The IVC randomly selected four units as part of the overall
Building 779 independent verification. At the request of the Contractors, the IVC has prepared
this stand-alone report for Buildings 727, 782, and 783.

1.4 Overview of the Assessment and Independent Verification Process

The approach used to independently determine whether Buildings 727, 782, and 783 met the
mean, or average, benchmark release criteria (derived concentration guideline level-average
concentration [DCGLw]) followed the MARSSIM method. Ten of 49 survey units identified in
the Building 779 Cluster were selected for actual measurement by the IVC. In this case, survey
units 727-01, 727-02, 78201 and 782-02 (Buildings 727, 782, and 783) were four of the ten
selected for independent verification, thus meeting the contractual requirement to assess 5 to

10 percent of the Contractor’s results. The IVC used oversight of the Contractor’s scanning
surveys and a critical review of the data collected by the Contractor to independently determine
compliance with the maximum concentration benchmark release criteria (derived concentration
guideline level-elevated measurement comparison [DCGLEgmc]).

The first step in the process to independently assess the Contractor’s basis for decision on the
disposition of Buildings 727, 782, and 783 was to review the Contractor’s SAP (RMRS 1999a)
and associated D&D planning documents. All comments and issues raised by the IVC were
reported to DOE-RFFO and were addressed by the RFETS Contractor and implemented in the
final status survey plan, as necessary.

The Contractor’s SAP establishes the criteria which, when met, represent acceptable levels of
risk from exposure to residual contamination which might be present in the building. DOE-
RFFO, EPA, and CDPHE agreed upon surface contamination concentration criteria below which
further remedial action would not be warranted. These criteria, or DCGLs, serve as the
benchmarks against which the building surfaces were to be measured. The Contractor’s DCGLs
are:

o The mean removable alpha surface contamination concentration in the selected survey unit(s)
is below 20 disintegrations per minute (dpm)/100 square centimeters (cm® ).

¢ The mean total alpha surface contamination concentration attributable to transuranic
radioactivity as measured by direct surface ermssmn in the selected survey unit(s) is below
100 dpm/100 cm? (averaged over 1 square meter [m?]).

¢ The mean total alpha surface contamination concentration attributable to uranium series
radioactivity' as measured by direct surface emission in the selected survey unit(s) is below
1,000 dpm/100 cm? (averaged over 1 m?).

e The maximum total alpha surface contamination concentration attributable to transuranic
radioactivity as measured by direct surface emission in the selected survey unit(s) is below
300 dpm/100 cm?.

'In cases where isotopic composition is not determined, the SAP requires the application of the more restrictive limits associated
with the transuranic series radionuclides.

DOE/Grand Junction Office Sampling and Survey Report for Building 779 Cluster, Buildings 727, 782, and 783
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e The maximum total alpha surface contamination concentration attributable to uranium series
radioactivity as measured by direct surface emission in the selected survey unit(s) is below
5,000 dpm/100 cm?.

e The mean total alpha contamination concentration attributable to transuranic radioactivity on
and beneath a surface with a surface coating as measured by collection and analysis of a
surface media sample in the selected survey unit(s) is below 100 dpm/100 cm>.

e The mean total alpha contamination concentration attributable to uranium series radioactivity
on and beneath a surface with a surface coating as measured by collection and analysis of a
surface media sample in the selected survey unit(s) is below 1,000 dpm/100 cm?.

After reviewing the Contractor’s SAP, an IV SAP was constructed. The IV SAP was developed
in consultation with DOE-RFFO, EPA, and CDPHE. It was designed to detect and measure the
concentration of the radioactive contamination remaining in survey units selected for
independent verification such that statistically appropriate analyses could be used to determine
whether the results obtained by the Contractor in the same survey unit could be verified or
corroborated by the IVC. The IV SAP alone does not collect enough data to make the required
decision for the entire building but provides sufficient data for critical comparison with the
Contractor’s conclusion in a single survey unit. In the case of Buildings 727, 782, and 783, the
IVC performed surveys and sampled four of five possible survey units (727-01, 727-02, 782-01,
and 782-02) identified by the Contractor.

The next step was to observe and evaluate the Contractor’s implementation of the final status
survey against the criteria established in the SAP. The IVC Health Physicist is permanently
assigned to Rocky Flats and works on site to observe the Contractor’s sampling and survey
methods and review analytical processes. '

The fourth element of the independent verification process was to provide blind matrix samples
to the Contractor for inclusion in their sample batches from Building 779 Cluster. The blind
samples included both blanks and spikes of smear filter paper matrices and surface media
matrices. Blind matrix samples were included in the Contractor’s sample batches from

Building 779 as the Contractor’s manpower and schedule permitted. It is important to note that it
is not critical to the sampling objective to introduce Stage-I quality control samples to a
particular batch of the Contractor's samples or even while they are sampling a particular building
or survey unit being considered for independent verification.

Finally, and with the approved IV SAP, the sampling plan was executed. The IVC collected
samples and performed measurements in the selected survey units in order to corroborate the
results obtained by the Contractor. The measurements and samples were obtained in accordance
with the Independent Verification Sampling and Analysis Plan for Building 779 Cluster

(DOE 1999a).

The field data was reviewed in the field with representatives from DOE and the Contractor. The
EPA and CDPHE have been apprized of the results of independent verification field data
collected. Field data was recorded both on paper (Appendix D) and electronically (Appendix H).

. Following data collection, the data was verified and reduced so that the appropriate comparisons

and analyses could be conducted. The presentation of the results of the field sampling are

Sampling and Survey Report for Building 779 Cluster, Buildings 727, 782, and 783 DOE/Grand Junction Office
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2.0 Field Investigation
2.1 Mobilization

Prior to mobilizing the independent verification sampling team at the site, each member of the
team was provided with a copy of the IV SAP and was trained on the field sampling equipment
and procedures to be used. The Contractor made detailed measurements of the buildings and
supplied simple architectural drawings of the survey units in Buildings 727, 782, and 783
(727-01, 727-02, 782-01, and 782-02) to be used in laying out the sampling grids and sample
locations.

Mobilization to the field began the week of January 24, 2000. The sampling team personnel had
completed all required RFETS training necessary to support the sampling and survey work
during a previous visit to RFETS. Equipment was staged and final details were arranged.

The radiation survey detectors selected for this application were gas-filled, proportional counters
made by Eberline; model HP-100. Gas-filled detectors are subject to response and calibration
variation with changes in altitude. Consequently, the HP-100 probes were field calibrated on site
at the RFETS altitude and using RFETS supplied counting gas. The instrument and probe
package was response checked and verified to be in working order and within the parameters
established in the SAP. The surface media sampling tool was tested, and test measurements were
made confirming the suitability of the measurement protocol. A walk-through of each building
was made to assess the condition of the building, to identify any intrinsic safety issues, and to
compare the building structure and features with the assumptions made and procedures outlined
in the SAP. It was concluded that the assumptions used to develop the SAP and its associated
procedures were consistent with the conditions existing in the buildings and that the procedures
developed for characterizing the contaminant concentrations in the buildings accounted for these
conditions.

2.2 Field Selection of Survey Units for Independent Verification

The first step in the sample allocation strategy was to select from among the 49 survey units
available in the Building 779 Cluster those survey units to be sampled and surveyed by the IVC.
The random selection process assigned greater weighting or priority to survey units with a
classification indicating greater potential to exceed the allowable radiological concentration. By
assigning weighting factors to the survey units based on radiological classification, the
independent verification survey will preferably select survey units which have a higher
probability of exceeding the applicable DCGLs. Class 1 survey units (the most likely to be
contaminated) are three times more likely to be selected than Class 2 units and six times more
likely than Class 3 units. Table 2—1 lists the 49 survey units identified by the Contractor for
Building 779 (RMRS 1999b). A simple, commercially available, spreadsheet program with a
random number generation feature was used to randomly select the survey units to be
independently verified. Appendix A contains a printout of the survey units selected by the
computer generated random number method. Survey units 727-01, 727-02, 78201, and
782-02, (interior and exterior of Buildings 727, 782, and 783) were four of 49 units selected
from the Building 779 Cluster.

DOE/Grand Junction Office Sampling and Survey Report for Building 779 Cluster, Buildings 727, 782, and 783
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Table 2-1. Survey Units Identified for Building 779 Cluster

Rooms 141, 141A, 141B, 141C

B782 Exterior Wall and Roof

B782 Plenum Area

B782 Basement and Tunnel

B727 and B783 Interior

B727 and B783 Exterior

X . . Surve Weight
Survey Unit Description Survey Unit # Clas sificayti on Facgor

Rooms 170/172 Floor and Lower Walls plus Mezzanine 77901 - Class 1 6
Room 171 Vaults 779-02 Class 1 6
Rooms 171/172 Upper Walls and Ceilings 779-03 Class 2 3
Stairs, Rooms 270/272, and the Room 170 Dumbwaiter 779-04 Class 2 3
Exterior South/West Walls and Roof ' 779-05 Class 2 3
Exterior West Wall outside of Room 142, and Roof 779-06 Class 2 3
Exterior Annex A West/North Wall and Roof 779-07 Class 2 3
Dock Walls and Roof 779-08 Class 2 3
Exterior Walls and Roof of Admin Building, Duct Tower 779-09 Class 2 3
2™ Floor Admin Building — Rooms 201 through 214 779-15 Class 3 1
Floor in Room 208 779-16 Class 1 6
15 Floor Admin Building — Rooms 105 through 113 779-17 Class 3 1
Rooms 100, 101, 101A, 104, 116, 116A, 116B, 117 779-18 Class 3 1
Dock and Ramp 779-19 Class 3 1
Rooms 114, 115, 115A, Exhaust Duct Tower 779-20 Class 2 3
Rooms 143, 144, 145, 146, 147, 148, 151 779-21 Class 1 6
Room 150 779-22 Class 1 6
Room 152 779-23 Class 1 6
Rooms 154, 156 779-24 Class 1 6
Rooms 160, 160A 779-25 Class 1 6
Rooms 153, 153A, 153B, 155 779-26 Class 1 6
Rooms 157, 159 779-27 Class 1 6
Rooms 161, 163, 163A, 167, 167A 779-28 Class 2 3
Rooms 162, 164, 165, 166 779-29 Class 2 3
Hallway to Annex A , Bridge to B777 779-30 Class 2 3
Room 217 779-32 Class 1 6
e S B e |t | oms |
Rooms 215, 218, 220, 224 779-34 Class 1 6
Rooms 222, 222A 778-35 Class 1 6
Rooms 216, 226 779-36 Class 1 6
Room 228 779-37 Class 1 6
Rooms 234, 234A, 234B 779-38 Class 1 6
l;l;)gms 103, 103A, 103B, 118, 120, 121, 121A, 1218, 776-39 Class 2 3
Rooms 122, 123, 126, 127 779-40 Class 2 3
Rooms 142,142 Mezzanine . 77941 Class 2 . 3
Rooms 119, 124, 125, 128, 129, 132, 134, 135, 136, 138 779-42 Class 2 3
Room 001 and Pits 77943 Class 1 6
‘Rooms 130, 131, 133 77944 Class 1 6
Room 137 779-45 Class 1 6
Rooms 139, 140, 140A, 140B 779-46 Class 1 6
6
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2.3 Field Identification of Sample Locations

Once the survey units to be verified had been selected, the proposed location of each
measurement and sample was laid out using the sample allocation protocol specified in the SAP.
Drawings of the survey units were created with the walls and ceiling “unfolded” and set flat to
assist the process of spatial distribution and sample location recording. The survey units were
then divided by a 2-meter sampling grid superimposed over the surface of the survey units.
Figure 2—1 shows the sample grid layout for survey units 727-01, 727-02, 782-01, and 782-02.

The selection and distribution of sampling locations within each survey unit was made using the
protocol approved in the SAP including:

¢ Random selection of the sampling starting point within the selected survey unit(s)
(Appendix A),

o Systematic distribution of sample locations within the selected survey unit(s) to ensure
representative spatial coverage of the survey unit, and

e Personnel safety during the execution of the sampling plan

Drawings of each surface within the survey unit and actual sample locations as determined in the
field are shown on Figure 2-2. After the sample locations were allocated, an inspection of each
survey unit was conducted to ensure that each sample location selected could be accessed and
sampled safely. Selected sample locations that were inaccessible or presented safety hazards
were relocated in accordance with the sample relocation protocol outlined in the SAP due to
safety issues. The samples relocated are annotated on the drawings in Figure 2-2.

Sample locations were next laid out on the building surfaces within the survey units. Each
sample location was measured out and marked on the surface with a permanent marker. Unique
alpha-numeric bar codes were affixed to the surface adjacent to the selected sample location. A
duplicate bar code was affixed to the field data sheet and the bar code number was recorded on a
copy of the survey unit drawings (Figure 2-3). It should be noted that all sample locations were
selected without prior knowledge of contaminant concentrations in the area and before
radiological survey instruments were employed. In this way, sample locations were not biased.

DOE/Grand Junction Office Sampling and Survey Report for Building 779 Cluster, Buildings 727, 782, and 783
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INDEPENDENT VERIFICATION FOR THE BUILDING 779 CLUSTER I
SURVEY SURVEY-UNIT SAMPLE PLAN ;
Building: 727 & 783 Survey Unit: 727-01 Number of Sample Locations: 29 L——-
I- Classification: 3 Survey Unit Description: Interior Grid Size: 2m x2m —I!
SURVEY UNIT 727-01 MAP 1 OF 1
Building 7127 all 2
Wali 1
Floo wall3
Ceilidg Wall 4
rverted)
Building 7B3 wall2 T
|
Wall 1 Foor walj 3
(eansa) m
wall 4
- 0 FEET 30 o
|Each intersect point of the grid
N> within the frame of the survey unit
0 METERS 10 Jis a potential sample location

Figure 2-1. Sampling Grid—Survey Unit 727-01
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Building: 727 & 783

Classification: 3

DEPENDENT VERIFICATION FOR THE B

'SURVEY SURVEY UNIT SAMPLE PLAN

Survey Unit: 727-02

Survey Unit Déscription: Exterior
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ILDING 779 CLUSTER
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Figure 2—~1 (continued). Sampling Grid—Survey Unit 727-02
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Building: 782

w
INDEPENDENT VERIFICATION FOR THE BUILDING 779 CLUSTER I
SURVEY SURVEY UNIT SAMPLE PLAN

Survey Unit: 782-01

Number of Sample Locations: 29 Grid Size: 2m x 2m

Classification: 2 Survey Unit Description: Exterior Walis and Roof

SURVEY UNIT 782-01 MAP 1 0OF 2
 —— Py == ey ARt 72t o 2P\ eSS P
82 Blliding Koot
.
W Wat
Eagqvml
0 FEET 30
lEach intersect point of the grid _—
N> within the frame of the survey unit
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|

Figure 2-1 (continued). Sampling Grid—Survey Unit 782-01
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Field Investigation

Building: 782

Survey Unit: 782-01

Classification: 1 &2 Survey Unit Description: Exterior Walls and Roof

INDEPENDENT VERIFICATION FOR THE BUILDING 779 CLUSTER
SURVEY SURVEY UNIT SAMPLE PLAN

Number of Sample Locations: 29

Grid Size: 2m x
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Figure 2-1 (continued). Sampling Grid—Survey Unit 782-01
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NDEPENDENT VERIFICATION FOR THE BUILDING 779 CLUSTER ; P
SURVEY SURVEY UNIT SAMPLE PLAN R
Building: 782 Survey Unit: 782-02 Number of Sample Locations: 29 Grid Size: 2m x 2m I‘ ;
Classification: 2 Survey Unit Description: Plenum Area -I ’
M
SURVEY UNIT 782-02 MAP 1 OF 2 z
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Figure 2-1 (continued). Sampling Grid—Survey Unit 782-02
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l NDEPENDENT VERIFICATION FOR'THE BUILDING 779 CLUSTER

SURVEY SURVEY UNIT SAMPLE PLAN

Building: 782 Survey Unit: 782-02 Number of Sample Locations: 29 Grid Size: 2m x2m

LClassification: 2 Survey Unit Description: Plenum Area

delling
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Plenum Area U D
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Figure 2-1 (continued). Sampling Grid—Survey Unit 782-02
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INDEPENDENT VERIFICATION FOR THE BUILDING 778 CLUSTER
SURVEY SURVEY UNIT SAMPLE PLAN

Building: 727 & 783 Survey Unit: 727-01 Number of Sample Locations: 29

Classitication: 3 Survey Unit Description: Interior Grid Size: 2m x 2m

SURVEY UNIT 727-01 MAP 1 OF 1
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' _ 1VP0000402
1VP0000381
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iVP0000390 »—— e V0000383
L
{VP0000393 i 3 IVP0000384
[ IVP0000394 1 i " IVP0000386
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1VP0000387 e
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N ®  Original Location Selected
n METERS 10

Figure 2-2. Selected Sample Locations—Survey Unit 727-01
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INDEPENDENT VERIFICATION FOR THE BUILDING 779 CLUSTER
SURVEY SURVEY UNIT SAMPLE PLAN

Building: 727 & 783 Survey Unit: 727-02 Number of Sample Locations: 29

Classification: 3 Survey Unit DeAscription: Exterior Grid Size: 2m x 2m

SURVEY UNIT 727-02 MAP 1 OF 1
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Figure 2-2 (Continued). Selected Sample Locations—Survey Unit 727-02
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Building: 782

Classification: 2  Survey Unit Description: Exterior Walls and Roof

INDEPENDENT VERIFICATION FOR THE BUILDING 779 CLUSTER

SURVEY SURVEY UNIT SAMPLE PLAN
Survey Unit: 782-01

SURVEY UNIT 782-01 MAP 1 OF 2

Number of Sample Locations: 29 Grid Size: 2m x 2m

[VP0000316 } ~—
*
[1VP0000317 } * * T VP0000323 |
* " 1VP0000322 |
(1VP0000321 | *
[Po000320 ) *
[IVP0000319 =t * 782 Building Roof * __IVP0000327 |
* {_IVP0000326 ]
* ~t_IVP0000325 |
[(1VP0000324 } * * §=_IVP0000329
* {_IVP0000328 |
[ —
(_IVP0000303 ; *
[ IVP0000302_+ *
[_IVP0000301 e West Wall * — {_IVP0000304 ]
W ————— { IVP0000308_|
[1VP0000307 *
_1VP0000306 *
[LIVP0000305 F *
East Wall \_____ ["1VP0000309 ]
0 FEET 30 .
W= o r Locaton oiced
0 METERS 10

Figure 2-2 (Continued). Selected Sample Locations—Survey Unit 782-01
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INDEPENDENT VERIFICATION FOR THE BUILDING 779 CLUSTER
SURVEY SURVEY UNIT SAMPLE PLAN

Building: 782 Survey Unit: 782-01 Number of Sample Locations: 29 Grid Size: 2m x

Classification: 1 &2 Survey Unit Description: Exterior Walls and Roof

L'SURVEY UNIT 782-01 MAP 2 OF 2
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Figure 2-2 (Continued). Selected Sample Locations—Survey Unit 782-01
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NDEPENDENT VERIFI

Building: 782 Survey Unit: 782-02
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Number of Sample Locations: 29 Grid Size: 2m x2m

Classification: 2 Survey Unit Description: Plenum Area
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Figure 2-2 (Continued). Selected Sample Locations—Survey Unit 782—02
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INDEPENDENT VERIFICATION FOR THE BUILDING 779 CLUSTER
SURVEY SURVEY UNIT SAMPLE PLAN

Building: 782 Survey Unit: 782-02 Number of Sample Locations: 29 Grid Size: 2m x 2m

Classification: 2 Survey Unit Description: Plenum Area

SURVEY UNIT 782-02 MAP 2 OF 2
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Figure 2-2 (Continued). Selected Sample Locations—Survey Unit 782-02
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Figure 2-3. Sample Location Identifier

2.4 Sampling Equipment and Procedures

2.4.1 Radiological Instrumentation

The field measurement instrument used for measuring surface deposited radiological
contamination was the Eberline, E-600 Smart Portable Multi-purpose Radiation Survey
Instrument with a modified Eberline HP-100 gas proportional detector probe. The detector was
fitted with an Eberline “Smart Pack™ to convert the conventional detector to be compatible with
the microprocessor based E-600 and to electronically store the probe’s calibration data. The
probe’s alpha channel was calibrated to a plutonium-239 (Pu-239) National Institute of Standards
and Technology (NIST) traceable calibration source. The calibration certificate for the source is
provided in Appendix B and the calibration data sheets for the instruments are provided in
Appendix G. Figure 2—4 shows the configuration used to measure the alpha surface emission
activity on the surfaces in the survey unit. The direct measurement data was collected in
accordance with the procedure outlined in the SAP.

Eberline HP-100 Gas Eberline “Smart
Proportional Probe Pack”

“Feet” to ensure consistent
measurement geometry

Figure 2-4. Direct Static Surface Contamination Measurement Configuration
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2.4.2 Sampling
2.4.2.1 Smear Sampling

Smears were used to wipe the surfaces in order to measure the potential for removable
radioactivity on the survey unit surfaces. The IVC chose to use 47 millimeter (mm) disc smears
made of a duck cloth material rather than the typical paper or cellulose fiber filters commonly
used since many of the surfaces requiring measurement are very rough. The duck cloth smears
are very durable and will pick-up loose contaminants from even very rough or abrasive surfaces
without disintegrating. The smear samples were collected after the direct static surface
measurements were obtained. The technician wiped the surface within the 100 cm? sample area
applying moderate pressure. Each smear was placed individually into a glassine envelope to
prevent cross contamination and static charge induced migration of contaminants. Each glassine
envelope containing a smear sample was then over-packed in a small sealable plastic bag and
then in a manila sample envelope. The envelope was then marked with a bar code label linking it
to the sample location from which it was obtained, and entered into a sample custody system to
preserve sample integrity for subsequent analysis at the Grand Junction Office (GJO) Analytical
Laboratory. The smear samples were secured in a sample box sealed with tamper-evident
custody seals at the sample site until the field sampling was complete and then transported to the
GJO Analytical Laboratory.

In all, 29 smear samples were collected from each survey unit—one at each of the 29 survey
locations. These were submitted to the GJO Analytical Laboratory for radiological analysis. The
results of these measurements are summarized in Section 3 and the laboratory analytical reports
are contained in Appendix C.

2.4.2.2 Surface Media Sampling

Paint and other surface coatings or residues present on the surfaces of the buildings may present
an obstruction to detection and measurement of the radioactive surface contamination that might
be present. To assess the potential for, and measure the concentration of contaminants which
might be present in and/or beneath painted or coated surfaces, a “veneer” of the surface
(including any surface coating or residue) is removed from those sample locations that are
painted or otherwise coated. When there is no surface coating or residue present, but the
radiological measurement of the surface exceeds the 4 prjor; estimate of the critical detection
level of 22 dpm/100 cm?, a veneer of the substrate is collected to assess the potential for a near-
surface contamination layer embedded in a porous surface (DOE 1999a). A heavy duty, rotary
impact drill fitted with a special bit designed to pulverize the surface without drilling into it was
used to obtain the media samples (Figure 2-5). The bit was inserted through a port in the
containment. Only the bit penetrated the containment. The impact tool was moved over the
surface removing the thinnest possible layer until all surface coating within the 100 cm2 sample
area was removed.
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Figure 2-5. Photo of Rotary Impact Drill and Bit

The surface material removed (the sample) was collected in the bottom of the plastic
containment. The technician collected the removed media as a sample. The sample was then
transferred to a small sealable plastic vial. A bar code label linking the sample location from
which it was obtained was affixed to the vial and entered into a sample custody system to
preserve sample integrity for subsequent analysis at the GJO Analytical Laboratory (see
Figure 2-6). The vials were placed in a sealable plastic bag and secured in a sample box sealed
with tamper-evident custody seals at the sample site until the field sampling was complete and
then transported to the analytical laboratory.

2.4.3 Laboratory Measurements

Smears and surface media samples were processed and analyzed at the GJO Analytical
Laboratory using the methods and procedures identified in Tables 2-2 and 2-3 and prescribed in
the IV SAP.

Table 2-2. Smear Sample Analytical Method

Laboratory Method—Gross Alpha Radioactivity

Counting method Gas Proportional Low-Background Alpha/Beta Counting System
instrumentation Canberra Model 2404
Procedure(s) Procedure RC-8, “Gross Alpha/Beta Analysis” (WASTREN-GJ)

Laboratory procedures are governed by QA/QC procedures specified in Handbook of Analytical and Sample-

Preparation Procedures (WASTREN-GJ).
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Surface Media Sample
Includes: paint, surface
coatings, and substrate

material veneer

Figure 2-6. Surface Media Sample Collection

Table 2-3. Surface Media Sample Analytical Method

Laboratory Method—AlIpha Radioactivity by Isotope Specific Species

Counting method Alpha radioactivity by alpha spectroscopy

Instrumentation 17 PIPS with Canberra Alpha Management Software (AMS) Model 48-0721, Ver. 1.0

Procedure(s) Solids Digestion, Chemical Extraction, Sample Precipitation, and Sample Counting
Procedure RC-19, “Alpha Spectrometry” (WASTREN-GJ).

Laboratory procedures are governed by QA/QC procedures specified in Handbook of Analytical and Sample-

Preparation Procedures (WASTREN-GJ).

- Based on the EPA’s terminology, the methods described in Tables 2-2 and 2-3 are categorized

as Analytical Level V because they are non-conventional in the EPA’s Contract Laboratory
Program (CLP) (EPA 1988). However, comparing the level of quality assurance and quality
control (QA/QC) embodied in these procedures, they are comparable to EPA’s CLP Analytical
Level IV.

2.4.4 Field Measurements
2.4.4.1 Background Determination

Background was determined in the survey unit being surveyed before, and at least every 2 hours
during, each sampling shift. Additionally, background measurements were collected immediately
prior to, and immediately after, changing out a detector probe. In the center of the survey unit, a
masonite hardboard surface (the back of a clipboard) that has essentially no inherent alpha
radioactivity and which was clearly “unaffected” (i.e., clearly not part of the potentially
contaminated buildings within the 779 Cluster) was used for establishing background according
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to the procedure detailed in the SAP. This method establishes the background associated with the
instrument only. Background measurements were recorded both electronically and by hand.

2.4.4.2 Direct Static Surface Radioactivity Measurements

All 29 sample locations identified within each of the survey units were directly measured to
assess the alpha radioactivity deposited on the surface. Direct static field measurements were
made using the approved procedure in the IV SAP. Each measurement was collected for

90 seconds, in the instrument’s “SCALER” operating mode, and at a fixed distance of
approximately 0.125 inch (1/8th inch) from the surface. When the acquisition count time was
complete, the result was read, manually recorded, and electronically logged into the instrument’s
memory. In cases where surface media samples were taken, a second direct static measurement
was made at the same location following removal of the surface veneer. Often, the direct
measurement readings obtained subsequent to the veneer removal was unchanged or greater
indicating the likelihood that the substrate material (typically concrete) contained an appreciable
and measurable alpha background radioactivity that was attenuated by the veneer'. In these
circumstances, a field decision was made as to the need for the collection of additional surface
media to determine compliance with the DCGLs. Pertinent observations regarding the nature of
the surface, substrate material, or instrument response were recorded. No anomalies were noted
during the direct static measurement process.

1To avoid the need for making reference survey unit measurements to characterize and quantify natural radioactivity, background
has been narrowly defined in the Contractor’'s Closeout Radiological Survey Plan to include only radiation measured by the
instrument system operating in “free air". This definition excludes radioactivity which might be present in the building materiais but
which has not been contributed or added by DOE. All naturally occurring radioactivity measured during Final Status Survey is to be
considered “contributed” or attributable to DOE activities and compared to the applicable DCGLs.
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3.0 Sampling and Survey Results

Sampling and survey results are divided into four basic categories for discussion, analysis, and
comparison with the applicable DCGLs. The categories correspond to the three fundamental
samples or measurements employed in the independent verification: Smear sampling, Direct
Static Measurements, and Surface Media Samples. The fourth category is for QC data. Quality
Control data is presented in Section 6.0 of this report.

3.1 Direct Static Field Measurements

Direct measurements of the radioactivity emission from surfaces were made using static,
90-second counting intervals, over which the total counts were integrated. The measurements
recorded were gross values normalized to dpm/100 cm?. In the context of this sampling
evolution, a “gross measurement” means a measurement made with a radiation detection
instrument to which no background correction has been applied. Raw or gross data is important
when measurements will be used to make statistical inferences, since not all data will necessarily
have the same correction factors applied to properly reduce them to meaningful numbers.
Reporting gross or raw data also permits one to analyze the functionality of the instrument with
which the measurement was made, and to verify the appropriateness of the data reduction
process. The data reduction process for the field measurement data collected in this sampling
evolution involves corrections for the efficiency of the radiation detector to the subject radiation
and the instrument response to background sources of radiation (excluding surface media
contribution to background).

The use of the Eberline E-600 Smart Portable Multi-purpose Radiation Survey Instrument in this
application provides a platform for accommodating the probe specific factors including
efficiency, high voltage, discrimination thresholds, crossover correction factors, and calibration
set up parameters within the detector’s associated “smart pack” microchip. These correction
factors are common to all of the direct field measurements made with the E-600 and HP-100
detector for this SAP. As a result of incorporating these factors, the instrument reads out and
electronically logs data points directly in units of dpm/100 cm?. These readings were not,
however, field corrected for background radiation.

3.1.1 Background Measurements

The assessment of an instrument’s response to background radiation is important from two
perspectives. First, it permits the assessment of the minimum sensitivity (detection limit) for the
instrument and measurement process in the presence of background radiation. The a posteriori
minimum detectable activity (MDA) is calculated from this actual background data. Second, by
assessing the instrument’s response to background radiation in terms of the units that field data
will be collected, a correction can be applied to the field measurement data to permit
determination of radioactivity present in excess of background. Because the naturally occurring
concentrations of background radioactivity in building materials used in the construction of the
buildings in the 779 Cluster were expected to be below and well within the DCGL benchmarks
for radioactive contamination on building surfaces, the Contractor chose to assign all building
material background radioactivity as part of the DOE contributed activity for comparison against
the DCGL. As a result, no attempt was made to measure the concentrations of naturally
occurring radioactivity measurable on surfaces in a “reference survey unit” or unaffected area.
Still, there was the need to measure and account for the instrument’s response to other sources of
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backgroundradiation (e.g., cosmic radi

the contaminant of concern.

ation) which could otherwise not be distinguished from

To accommodate the need for correcting the instrument data for sensitivity to background
radiation, excluding that present in the substrate of the surfaces being measured, instrument
background measurements were collected periodically over the sampling period. In all,

48 measurements of the alpha background radiation level were recorded over the sampling
period in accordance with the procedure for determining background (DOE 1999a). Each

background measurement made during the sampling period is presented in Table 3-1.

Table 3—1. Direct Static Measurement Background Data, Buildings 727, 782, and 783

Survey Unit 727-01

Survey Unit 727-02

Survey Unit 78201

Survey Unit 78202

Sam;_)le Value Value Vaiue Value

Location | Date | . 100 cm?)| P* {(dpmMoocm?| P2 |(apmiooem?y)| P2 |(dpmi100 cm?)
BACKGROUND | 2/2/00 7.93 172500 | 15.10 373100 130 212/00 462
BACKGROUND | 2/2/00 | 11.30 1725100 8.45 37300 113 2/2/00 14.70
BACKGROUND | 2/2/00 7.75 1725000 | 18.70 2/3/00 480 212100 7.05
BACKGROUND | 2/2/00 8.24 1725000 | 14.90 273100 484 272100 8.42
BACKGROUND | 2/2/00 8.32 1725100 | 15.60 2/3/00 470 272100 22.20
BACKGROUND | 2/2/00 476 1725100 | 22.50 2/3/00 261 2/2/00 22.10
BACKGROUND | 2/3/00 476 725000 | 12.30 273100 119 2/2/00 14.30
BACKGROUND | 2/3/00 4.46 1/25/00 | 10.30 2/3/00 14.70 27200 767
BACKGROUND | 2/3/00 442 1725000 15.10 273700 7.93 212/00 28.10
TBACKGROUND | 2/3/00 473 273/00 15.80 212100 787
BACKGROUND | 2/3/00 499 273100 12.30 212100 8.14
BACKGROUND | 2/3/00 7.56 2/3/00 15.70 212100 461
BACKGROUND | 272100 11.50
BACKGROUND | 272100 832
BACKGROUND | 272100 454

From the measurements presented in Table 3-1, it was determined that background did not

change appreciably over the duration of each sampling period. When the direct static

measurement background data is analyzed both graphically and with goodness-of-fit tests

(Figure 3—1), it shows that the measurements are better represented by, or fit to, a log-normal
distribution. This is the expected condition for instrument response to alpha background
radiation due to the naturally low alpha background count rate and the Poisson distribution
associated with low-level radiation counting. The direct static field measurements collected in
the survey units also fit a log-normal distribution (see Section 3.1.2). The variance in the
recorded background data was small and within the range expected for a gas proportional counter
measuring alpha background radiation (see Appendix E for complete background data set).
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DATA EVALUATION STATISTICS
Data Description
"Free Air" Instrument Background
Building 779 Cluster Independent Verification Project

Buildings 727 & 783, Survey Unit 727-01 Probabiity Plot and Lexst Squares
Best FitLine
Critical Level 22 |
UNITS - dpm/100 cm*
Sample Data
4.42 Descriptive Statistics = 05%
4.46 Number of Samples 12.000 ‘ + 98%
4.73 Mean 6.602 + 95%
476 Median 6.275 T 0% :
- BA% T
4.76 Standard Deviation 2214 - 75% r
;.:z gv 0.335443 L sbo 1
g ange 6.880 ]
7.75 Minimum 4.420 - 25% T
7.93 Maximum 11.300 I 1 ;& I
8.24 GM 6.284 Ts ]
8.32 GSD 1.383 1 Lo% 1 |
11.30 Mean of LN(Data) 1.838 = 1% + ;
SD of LN(Data) 0.325
Percent > Critical Level 0.000 160 10 20 30 40 I
Normal Statistics Log-Probability Plot and Least
Mean 6.602 Squares Best Fit Line
UCL(Mean) - Z 7.855
LCL(Mean) - Z 5.349 0
95%ile - Z 10.244 1
Percent > Critical Level 0.000 '-r 99%
W Test (Data) 0.83973 J - 98%
Normal (a=0.05)? No - 95%
= 90%
Lognormal Statistics :E -?‘},&
GM 6.284 1
GSD 1.383 F 50%
AM of data 6.602 1
g
AM - MVUE 6.594 & 16%
3
AM - MLE 6.624 i+ 10%
UCL - Norm t stats 8.009 ¥ 5%
LCL - Norm t stats 5.195 / * 2%
UCL LogNorm t ‘ 8.141 T
LCL LogNorm t 5.390 1 10 100
UCL - Modified Cox 8.151
LCL - Modified Cox 5.334
UCL - "Exact’ 0.25 -
LCL - "Exact”
95%ile 10.717 .
UTL 95%, 95% 15.270 0.2+ 95%ile
Percent > Critical Level 0.006
PEP {Upper) 0.353 0.15 |
PEP (Lower) 1.23E-07
W Test (In Data) 0.84612
Lognorm (a=0.05)? No 0.1 1
0.05 1
0 ; >~ ’
0 15

Figure 3~1. Data Evaluation Statistics—“Free Air” Instrument Background, 727-01
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Data Description

DATA EVALUATION STATISTICS

"Free Air" Instrument Background

Building 779 Cluster Independent Verification Project

Buildings 727 & 783, Survey Unit 727-02

Critical Level 22 |
UNITS - dpm/100 cm
Sample Data
8.45 Descriptive Statistics
10.30 Number of Sampies
12.30 Mean
14.90 Median
15.10 Standard Deviation
15.10 cvV
15.60 Range
18.70 Minimum
22.50 Maximum
GM
GSD
Mean of LN(Data)
SO of LN(Data)

Percent > Critical Level

Normal Statistics
Mean

UCL(Mean) - Z
LCL(Mean)-Z
95%ile - Z

Percent > Critical Level
W Test (Data)

Normal (a=0.05)?

Lognormal Statistics
GM

GSD

AM of data

AM - MVUE

AM - MLE

UCL - Norm t stats
LCL - Norm t stats
UCL LogNorm t
LCL LogNorm ¢
UCL - Modified Cox
LCL - Modified Cox
UCL - "Exact’

LCL - "Exact”
985%ile

UTL 95%, 95%
Percent > Critical Level
PEP (Upper)

PEP (Lower)

W Test (In Data)
Lognorm (a=0.05)?

9.000
14.772
15.100

4.215

0.285348
14.050

8.450
22.500
14.227

1.344

2.655

0.296
11.111

14.772
17.526
12.018
21.706
4,320
0.957868
Yes

14.227

1.344
14.772
14.788
14.862
18.012
11.532
18.655
11.841
18.665
11.717

23.139
34.861
7.020
21.604
0.349277
0.957372
Yes

Probability Piot and Least Squares

Best Fit Line

+ 10%
33
<+ 2%
YR +~ 1%

10 0 10 20 30 40
Log-Probability Plot and Least
Squares Best Fit Line

+ 99%
E: 98%
» 95%
» 90%
84%
75%
% 50%
ke 25%
M 16%
r 10%
v 5%
] 2%
| v 1%
1 10 100
—
012 +
0.1 + 95%ile
0.08 +
0.06 +
0.04 |
0.02 +
0 ™~ 5
0 30

Figure 3~1 (continued) Data Evaluation Statistics— Free Air’ Instrument Background, 727-02
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DATA EVALUATION STATISTICS
Data Description
“Free Air" Instrument Background
Building 779 Cluster Independent Verification Project

Building 782, Survey Unit 782-01 . Probability Plot and Least Squares 1[
Best Fit Line
Critical Level 22 ]
UNITS - dpm/100 cm?’ 1
Sample Data _ E
1.13 Descriptive Statistics ’ +90% I
119 Number of Samples 12.000 / o8k | 1 |
1.30 Mean 7.417 W/ 5% 1
461 Median 4820 g1 w% | |
470 - Standard Deviation 5.725 - +76% ]
480 cv 0.771878 +
4.84 Range 14.670 T 50%) 1
7.93 Minimum 1.130 1 +T25%
12.30 Maximum 15.800 I } ;3/3 b
14.70 GM 5.108 & » 1
15.70 GSD 2.708 i j 2 E: 1
15.80 Mean of LN(Data) 1,630 A L3 1
SD of LN(Data) 0.996
Percent > Critical Level 0.000 00 1020 30 40
L
Normal Statistics ! Log-Probability Plot and Least
Mean 7417 Squares Best Fit Line
UCL(Mean) - 2 10.656
LCL(Mean) - Z : 4.178
95%ile - Z 16.834
Percent > Critical Level 0.543 C 99%
W Test (Data) 0.851455 V " 98%
Normat (a=0.05)? No | - - 95%
i & 90%
Lognormal Statistics ! LLE a ’7";';'2
GM 5.105 !
GSD 2.708 = 50%
AM of data 7.417 o5
AM - MVUE 7.926 ¢ 16%
AM - MLE 8.383 + 10%
UCL - Norm t stats 11.054 ; 5%
LCL - Norm t stats 3.779 2%
UCL LogNorm t 15,786
LCL LogNorm ¢ 4,452 1 100
UCL - Modified Cox 17.389
LCL - Modified Cox 3613
UCL - "Exact’
LCL - "Exact’ 95%ie
95%ile 26.277
UTL 85%, 95% 77.900
Percent > Critical Leve! 7.124
PEP (Upper) 19.338
PEP (Lower) 0.767154 .
W Test (In Data) 0.866555
Lognorm (a=0.05)? Yes
40 60

Figure 3-1 (continued) Data Evaluation Statistics—‘Free Air’ Instrument Background, 782-01
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Data Description

DATA EVALUATION STATISTICS

"Free Air" instrument Background

Building 779 Cluster Independent Verification Project

Building 782, Survey Unit 782-02

Criticai Level 1
UNITS - dpm/100 cm*

Sample Data
4.61 Descriptive Statistics
4.62 Number of Samples
4.94 Mean
7.67 Median
7.87 Standard Deviation
7.95 cv
8.14 Range
8.32 Minimum
8.42 Maximum
11.50 GM
14.30 GSD
14.70 Mean of LN(Data)
22.10 SD of LN(Data)
22.20 Percent > Critical Level
28.10

Normal Statistics
Mean

UCL(Mean) - Z
LCL(Mean)-Z

95%ile ~ Z

Percent > Critical Level
W Test (Data)

Normal (a=0.05)?

Lognormal Statistics
GM

GSD

AM of data

AM - MVUE

AM - MLE

UCL - Norm t stats
LCL - Norm t stats
UCL LogNorm t
LCL LogNorm t
UCL - Madified Cox
LCL - Modified Cox
UCL - "Exact"

LCL - "Exact”
95%ile

UTL 95%, 95%
Percent > Critical Level
PEP (Upper)

PEP (Lower)

W Test (In Data)
Lognorm (a=0.05)?

156.000
11.696
8.320
7.247
0.617006
23.490
4610
28.100
9.973
1.775
2.300
0.574
13.333

11.696
15.348
8.044
23.567
7.667
0.837152
No

9.973
1.775
11.696
11.611
11.756
15.692
7.700
16.153
8.557
16.388
8.227

25.624
43.462
8.392
19.729
1.542595
0.92152
Yes

Probability Plot and Least Squares

Best Fit Line

L)

< 50%]

1ot

3 10%!

5% |

T lak
+1% 1

0 10 20 30 40

Log-Probabllity Plot and Least

Squares Best Fit Line

-

/

r 99%
. 98%

. 95%

r 90%
L 75%

R T (W AR AR e

& 50%

 25%
p 16%
10%

v 5%

> 2%
r 1%

F A

10

100

95%ile

Figure 3—1 (continued) Data Evaluation Statistics—"Free Air” Instrument Background, 782~-02
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Table 3-2 shows the background data summary statistics.
Table 3—2. Background Data Summary Statistics
Statistic Sqwey Unit Survey Unit Survey Unit Survey Unit
727-01 727-02 782-01 782-02
Number of Measurements 12 9 12 15
Arithmetic Mean 6.6 14.8 7.4 11.7
Standard Deviation (sample) 22 42 5.7 7.2
Coefficient of Variation 0.34 0.29 0.77 0.62
Max 11.3 225 . 16.8 28.1
Median 6.3 15.1 48 8.3
Minimum 4.4 8.5 1.1 46
Range ' 6.9 14.1 14.7 235
Geometric Mean 6.3 14.2 5.1 10.0
UCL (log-normal “t”, a=0.05) 8.1 18.7 15.8 16.2
LCL (log-normal "t", b=0.05) 5.4 11.8 4.5 8.6

3.1.1.1 Background Adjustment

Because the background and survey unit sample sets were each log-normally distributed, it was
decided that the geometric (or log-normal) mean background value recorded over the sampling
period (6.3, 14.2, 5.1, and 10.0 dpm/100 cm?, respectively) would be used to correct the gross
direct static surface contamination measurements for subsequent comparison to the applicable
DCGL. In some situations, a graphical or visual distinction can be made between measurements
containing background only and those with added radioactivity. For example, when elevated or
contributed activity is present, a graphical distinction can be clearly seen between the population
of measurements containing only background response and those containing elevated or
contributed activity. This is not typically the case with alpha radioactivity. No graphic distinction
between measurement results attributable to background and those with activity in excess of
background is clearly discernable with this data set.

Calculational methods are needed to assess the surface activity above background that could be
distinguished with statistical significance from background. As discussed earlier, the geometric
mean instrument background measurements over the field sampling period were 6.3, 14.2, 5.1,
and 10.0 dpm/100 cm?, respectively. With the E-600 instruments used, the background radiation
influence on the instrument’s readings was processed with efficiency corrections and probe size
corrections such that background measurements and sample measurements alike read out in units
of dpm/100 cm?2. In order to calculate the statistically significant surface activity, which could be
distinguished from background (4 posteriori MDA), it was necessary to convert the background
measurement units from dpm/100 cm? to units of counts per minute (cpm). In this case, the more
conservative metric, the arithmetic mean, was chosen to calculate the detection sensitivity
achieved to prevent overstating the actual sensitivity achieved. The converted mean background
count rates for the sampling periods are 1.29, 2.88, 1.44, and 2.28 cpm, respectively (Table 3-3).
Using the actual instrument field measurement parameters, a calculation of the actual field
measurement MDA can be determined by solving Equation 3-1.

DOE/Grand Junction Office
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Table 3-3. Static Surface Contamination Measurement MDA Parameters

Parameter Value Used Remarks
779-21 | 779-21 | 779-23 | 779-21

Values used are 6.6, 14.8, 7.4, and

Co gﬁﬁ‘:‘g?“"d 1.93 4.33 2.16 342 | 11.7 dpm/100 cm? converted to units of
counts (cpm x Ts)

Count time programmed into the

calibrated instrument specifically for

this sampling event

Ap | Probe size 100 100 100 100 | cm?

Actual efficiency for the individual probe
is programmed into the memory chip of
the probes’ smart pack and for the
probe used was 19.49%.

Sample count time 15 15 15 15

Ts in minutes

Instrument system
34 efficiency incounts | 0.1949 | 0.1949 | 0.1949 | 0.1949
per disintegration

The following calculations define the a posteriori MDA.

3 + 465 Cb
Ap
100cm?

MDA = (3-1)

T, x

s X €y

Where: MDA = the minimum surface activity concentration above background radioactivity (in
dpm/100 cm?) that can be detected with 95 percent confidence.
Cbo = the total number of background counts over the sample count period (7).

Ts = sample count time (in minutes).
Ar = probe size (in cm?).
€1 = counting system efficiency in count/disintegration.
Survey Unit 727-01 Survey Unit 727-02
MDA = 3+4.65y1.93 MDA = 3+4.6544.33 (3-2)
1.5x1x0.1949 1.5x1x0.1949
Survey Unit 782-01 Survey Unit 782-02
MDA = 3+4.65y2.16 MDA = 3+4.65+3.42
1.5x1x0.1949 1.5x1x0.1949
Survey Unit 727-01 Survey Unit 727-02
9.46 12.68
A = =32dpm/100 cm? A = =43 dpm/100 cm? -
0.2924 P 0.2924 P em (3-3)
Sampling and Survey Report for Building 779 Cluster, Buildings 727, 782, and 783 DOE/Grand Junction Office
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Survey Unit 782-01 Survey Unit 782-02
MDA = 9.83 =34 dpm/100 cm? MDA = 1160 =40 dpm/100 cm?

0.2924 0.2924

Therefore the “gross” field instrument readings, using the procedure‘s identified in the
Building 779 Cluster IV SAP, which can be distinguished as different from background (the
adjusted gross MDA) are:

Survey Unit 727-01 Survey Unit 727-02

7+32 =39dpm/100 cm? 15+43 =58 dpm/100 cm? (34
Survey Unit 782-01 Survey Unit 782-02

7 +33 = 40 dpm/100 cm? 12 +40 = 52 dpm/100 cm?

Having identified the a posteriori MDA for the field sampling measurements and the adjusted
gross MDAs, a simple sort of the gross field measurement data points was performed to identify
those measurements from survey umts 727-01, 727-02, 7 82-01, and 782-02 wh1ch were greater
than 39 dpm/100 cm?, 58 dpm/100 cm?, 33 dpm/100 cm?, and 52 dpm/100 cm?, respectively.
Those locations with gross surface act1v1ty greater than the adjusted gross MDA are credited as
positive indicators of added radioactivity, while those less than the adjusted gross MDA are
statistically indistinguishable from background values.

Rather than correct each individual measurement for background, the gross measurement data set
was statistically analyzed. The data set was treated as log-normally distributed, the best fit for the
data set collected. This treatment conforms to standard EPA methodology for data evaluation
statistics, and generally yields conservative estimates of the upper confidence intervals and
percentiles values. To correct for the instrument’s S Tesponse to background, the geometric mean
background, 6.3, 14.2, 5.1, and 10.0 dpm/100 cm?, respectively, was subtracted from the
geometric mean of the total surface activity measured by surface emission data set of interest.
When comparisons of other metrics (e.g., the median) are provided for information, the
comparable background metric is also used to correct the reading for background radiation
influence. For example, when the net (background corrected) median direct static surface
contamination metric is reported, the median value of the background data set has been
subtracted from the median value of the gross direct static surface contamination measurement
data set.

3.1.2 Field Measurement Data

Direct static measurements were made at the 29 selected sample locations in each of the four
survey units (727-01, 727-02, 782-01, and 782-02). Figure 2-2 shows the layout of both survey
units and the sample locations selected in accordance with the sample allocation protocol
identified in the IV SAP (DOE 1999a). These measurements were made prior to the collection of
a smear sample, but subsequent to the collection of media samples. In this way, the “total”
surface deposited activity emission rate, whether from fixed or removable radioactivity, was
accounted for. Direct static measurements were taken adjacent to the sample locations where
media samples had been taken. In all, 33 (34 in 727-02) direct static surface measurements were

DOE/Grand Junction Office Sampling and Survey Report for Bulldmg 779 Cluster, Buildings 727, 782, and 783
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made in each survey unit. Four of these, in each survey unit (five for 727-02), were replicate
measurements collected as part of the overall QA/QC as described in the SAP. For data reduction
purposes, the arithmetic mean of a replicate measurement and the corresponding initial
measurement was used as the reported value for a specific sample location at which a replicate
measurement was made. Consequently, there are a total of 29 data points (Table 3—4) for each
survey unit included in the overall characterization of the building’s mean residual surface
contamination level as measured by direct surface emission. Further information about the
duplicate samples and the assurance of precision and variability is presented in Sections 6.0

and 7.0.

A number of statistical tests of the data were performed to assess the data sets. A key test of the
data set is for goodness-of-fit. It is important because it identifies the underlying distribution of
the data set and permits the analyst as well as the decision makers and risk managers to compare
appropriate metrics calculated from the data. The W-test was used to measure the relative
goodness of the fit of the observed data distribution to the normal and log-normal standard
distributions. Other distributions were not entertained for this data set since the data were
expected to be either normally or log-normally distributed (based on knowledge of radioactivity
distribution in the environment and in background) and because the probability plots and
histograms generated gave no evidence that other than normal or log-normal distributions might

" be present. For the direct static measurement data set, the W-test identified the log-normal

distribution as the best fit. The data evaluation statistics are provided in Figure 3-2. Table 3-5
summarizes the direct surface measurement data, uncorrected for background, collected in
survey units 727-01, 727-02, 782-01, and 782-02.

From Table 3-5 and the data evaluation and summary statistics, it is evident that for survey
unit 727-01, approximately 45 percent of all the measurements are below the geometric mean
background value of 6.3 dpm/100 cm? and approximately 93 percent are below the critical
detection level of 22 dpm/100 cm2. All measurements are below the adjusted gross minimum
detectable activity (MDA, ) of 32 dpm/100 cm? for the field measurement process.

For survey unit 727-02, 17 percent of the measurements taken are below the geometric mean
background value of 14.2 dpm/100 cm? and 76 percent are at or below the critical detection level
of 22 dpm/100 cm?. All measurements are below the MDA ; - of 43 dpm/100 cm? for the field
measurement process.

For survey unit 782—01, 21 percent of the measurements taken are below the geometric mean
background value of 5.1 dpm/100 cm? and 83 percent are at or below the critical detection level
of 22 dpm/100 cm2. Only one measurement (34.5 dpm/100 cm? at survey location IVP0000301)
exceeded the MDA ; - of 34 dpm/100 cm? for the field measurement process.

For survey unit 782-02, 38 percent of the measurements taken are below the geometric mean
background value of 10.0 dpm/100 cm? and all but one are below the critical detection level of
22 dpm/100 cm?. All measurements are below the MDA . of 40 dpm/100 cm? for the field
measurement process.

Sampling and Survey Report for Building 779 Cluster, Buildings 727, 782, and 783 : DOE/Grand Junction Office
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DATA EVALUATION STATISTICS
Data Description
Direct Static Surface Measurements
Building 779 Cluster independent Verification Project

Building 727 & 783, Survey Unit 727-01 Probabillty Plot and Least Sauares
Best Fit Line
DCGL 100 |
UNITS - dpm/100 cm”
Sample Data
1.84 Descriptive Statistics .
1.85 Number of Samples 29.000 / r
1.90 Mean 9.287
1.91 Median 7.500
2.02 Standard Deviation 7.590
2.03 cv 0.817245
2.04 Range 29.560
3.69 Minimum 1.840
408 Maximum 31.400
436 GM 6.591 - |
4.49 GSD 2414 / l
5.05 Mean of LN(Data) 1.886 " |
5.46 SD of LN(Data) 0.881 g )
7.25 Percent > DCGL 0.000 -0 0 10 20 30 40
7.50
8.87
8.94 Normal Statistics ( Log-Probability Piot and Least
8.95 Mean 9.287 l Squares Best Fit Line
9.40 UCL(Mean)-Z 12.050
10.70 LCL(Mean) - Z 6.525 r
11.10 95%ile - Z 21.773 :
14.40 Percent > DCGL 0.000
14.60 W Test (Data) 0.869142 Flli44
14.60 Normal (a=0.05)? No - [ 95%
17.60 HIT o0%
17.70 Lognormal Statistics ¢ 84%
20.90 GM 6.591 L 75%
24.70 GsD 2414
31.40 AM of data 9.287 L F 50%
AM - MVUE 9.544 L 25%
AM - MLE 9.717 £ 15%
UCL - Norm t stats 12174 : 5%
LCL - Norm t stats . 6.400 L 2%
UCL LogNorm t 13.585 | r1%
LCL LogNorm t 6.950 0 1 10 100
UCL - Modified Cox 14.193
LCL - Modified Cox 6.418
UCL - "Exact” 0.12 +
LCL - "Exact’
95%ile 28.081 0.1 4 95%ile
UTL 95%, 95% 47.202
Percent > DCGL 0.101 0.08 -
" PEP (Upper) 0.739
PEP (Lower) 0.003219 0.06 |
W Test (in Data) 0.928377 '
Lognorm (a=0.05)? Yes 0.04
0.02 -
O —_
) 20 40 60

Figure 3-2. Data Evaluation Statistics—Direct Static Surface Measurements, 727-01

Sampling and Survey Report for Building 779 Cluster, Buildings 727, 782, and 783 DOE/Grand Junction Office
Page 3-12 ) Draft Final - March 2000

L( {



Document Number Z00007AA Sampling and Survey Results

DATA EVALUATION STATISTICS
Data Description
Direct Static Surface Measurements
Building 779 Cluster Independent Verification Project

Building 727 & 783, Survey Unit 727-02 Probability Plot and Least Squares
Best Fit Line
DCGL 100 |
UNITS - dpm/100 cm* r 1] T
Sample Data i
8.82 Descriptive Statistics +09%
8.82 Number of Samples 29.000 - 98%
12.30 Mean 19.691 =+ 95%
12.40 Median 19.400 I 9}’%
13.40 Standard Deviation 6.092 + %%
14.70 cv 0.309383 ]
15.70 ' Range 27.480 T 0%
15.80 Minimum 8.820 T%59%
15.80 Maximum 36.300 j- i;/z
17.30 GM 18754 r
18.90 GSD 1.386 1%
19.10 Mean of LN(Data) 2.931 + 1
19.10 SD of LN(Data) 0.326 ' i
19.40 Percent > DCGL 0.000 <10 0 10 20 30 40 ;
19.40 -
20.10
. 20.50 Normal Statistics Log-Probability Plot and Least
20.60 Mean 19.691 Squares Best Fit Line
21.10 UCL(Mean) - Z 21.908
21.50 LCL(Mean) - Z 17.474 T
21.90 95%ile - Z 29.713 i
© 22,00 Percent > DCGL 0.000
22.40 W Test (Data) 0.964049 g5
2470 Normal (2=0.05)? Yes l ; L 0s%
24.80 I a0%
24.90 Lognormal Statistics 84%
29.40 GM 18.754 » 75%
29.90 GSD 1.386 ! s0%
36.30 AM of data 19.691 ‘ il
AM - MVUE 19.743 [ 25%
AM - MLE 19.781 E oo
UCL - Norm t stats 22.008 & 5%
LCL - Norm t stats 17.374 & 2%
UCL LogNorm ¢ 22.397 ‘ L 1%
LCL LogNorm t 17.471 1 10 100
UCL - Modified Cox 22.430
LCL - Modified Cox 17.378
UCL - “Exact" 0.08 ¢
LCL - "Exact’ J
95%ile 32.089 0.07 ¥
UTL 95%, 85% 38.898 0.06
Percent > DCGL 0.000
PEP (Upper) 0.000 0.05 +
PEP (Lower) 0 0.04 |
W Test (in Data) 0.95569
Lognorm (a=0.05)? Yes 0.03 4+
0.02 4
0.01 +
0 + {
0 20 40 60

Figure 3-2 (continued). Data Evaluation Statistics—Direct Static Surface Measurements, 727-02
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Data Description

DATA EVALUATION STATISTICS

Direct Static Surface Measurements
Building 779 Cluster Independent Verification Project
Building 782, Survey Unit 782-01

DCGL

100

UNITS - dpm/100 cm*

Sample Data
1.20
1.34
1.34
3.73
466
468
7.08
7.36
7.79
8.01
8.20
10.80
10.90
10.80
10.95
11.00
11.50
12.25
13.80
14.10
14.90
17.50
17.50
18.30
2410
24.10
24.20
31.10
34.50

Descriptive Statistics
Number of Samples
Mean

Median

Standard Deviation
cv

Range

Minimum

Maximum

GM

GSD

Mean of LN(Data)
SD of LN(Data)
Percent > DCGL

Normal Statistics
Mean
UCL(Mean)-Z
LCL(Mean)-Z
95%ile - Z
Percent > DCGL
W Test (Data)
Normal (a=0.05)?

Lognormal Statistics
GM

GSD

AM of data

AM -~ MVUE

AM - MLE

UCL - Norm t stats
LCL - Nom t stats
UCL LogNorm t
LCL LogNorm t
UCL - Modified Cox
LCL - Modified Cox
UCL - "Exact”

LCL - "Exact"
95%ile

UTL 95%, 95%
Percent > DCGL
PEP (Upper)

PEP (Lower)

W Test (In Data)
Lognorm (a=0.05)?

29.000
12.682
10.850
8.526
0.672258
33.300
1.200
34.500
9.532
2408
2.255
0.879
0.000

12.682
15.786
9.579
26.707
0.000
0.924105
No

9.832
2.408
12.682

13.778
14.025
15.925

9.439
19.593
10.040
20.462

9.277

40.462
67.921
0.374
1.810
0.024998
0.898559
No

Probabliity Piot and Least Squares

Best Fit Line

¥

ry

-4
-

H

14
444

1

-0 0

10 20 30 40

Log-Probability Plot and Least

Squares Best Fit Line
i 99%
+ 98%
i 95%
r 90%
: 84%
- 75%
’ : 50%
T
r 25%
£ 16%
) = 10%
[ ] b 5%
k 2%
> 1%
0 1 10 100
0.08
0.07 + 95%ile
0.06 -
0.05
0.04 -
0.03 -
0.02 4
0.01
0 S |
0 60 80

Figure 3-2 (continued). Data Evaluation Statistics—Direct Static Surface Measurements, 782-01
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DATA EVALUATION STATISTICS
Data Description
Direct Static Surface Measurements
Building 779 Cluster Independent Verification Project

Building 782, Survey Unit 782-02

Probability Plot and Least Squares !}
Best Fit Line i
DCGL 100 ] .
UNITS - dpmJ100 o’ ]
Sample Data . ‘ ]
1.10 Descriptive Statistics S T
3.44 Number of Samples 29.000 oA | ]
3.55 Mean 12.133 + 95% | -
3.9 Median 11.100 IR
4.16 Standard Deviation 6.376 L7 |1
6.54 cv 0.525542 ]
715 Range 23.000 + 5}7"‘ i
7.23 Minimum 1.100 L ]
7.26 Maximum 24.100 + fE% ]
7.71 GM 10.048 + 104
9.45 GSD 2.032 | 1 i B E
10.40 Mean of LN(Data) 2307 /1' | i ?Q’Z B !
10.50 SD of LN(Data) 0.709 ' A
10.60 Percent > DCGL. 0.000 -6 0 10 20 30 40
11.10 L
11.20
12.00 Normal Statistics Log-Probability Piot and Least
" 14.00 Mean 12.133 Squares Best Fit Line
15.00 UCL{Mean) - Z 14.453
17.30 LCL(Mean) - Z 9.812 i
17.40 95%ile - Z 22622 if
17.50 . Percent> DCGL 0.000 It
18.30 W Test (Data) 0.954488 - Pilli 45
18.35 _ Normal (a=0.05)? Yes I U 1 959
18.05 1  00%
20.60 Lognormal Statistics E= 84%
21.00 GM 10.048 i 75%
2150 GSD 2,032 |
24.10 AM of data 12.133 ‘ ¥ 50%
AM - MVUE 12.784 i 25%
AM - MLE 12.920 iR
UGL - Norm t stats 14.558 L 5%
LCL - Norm t stats 9707 F B 2%
UCL LogNorm ¢ 16.921 E 1%
LCL LogNomm t 9.866 1 10 100
UCL - Modified Cox 17.306
LCL - Modified Cox 9.444
UCL - "Exact’ 0.08
95%ile 32.261 :
UTL 95%, 95% 48999 0.06
Percent > DCGL 0.060
PEP (Upper) 0.515 0.05
PEP (Lower) 0.001399 0.04
W Test (In Data) 0.894174 ’
Lognorm (a=0.05)? No 0.03
0.02
0.01
0 4 '\* —
40 60

- Figure 3-2 (continued). Data Evaluation Statistics—Direct Static Surface Measurements, 782-02
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Table 3—5. Summary Statistics, Direct Static Measurements, Buildings 727, 782, and 783

Survey Unit | Survey Unit | Survey Unit | Survey Unit
Statistic 727-01 727-02 782-01 782-02
Value Value Value Value

Number of Measurements 29 29 29 29
Arithmetic Mean 9.29 19.69 12.68 1213
Standard Deviation (sample) 7.59 6.09 8.53 6.38
Coefficient of Variation 0.82 0.31 0.67 0.53
Max 314 36.3 345 24.1
Median » 75 19.4 10.95 11.1
Minimum 1.84 8.82 1.2 1.1
Range 29.56 27.48 33.3 23.0
Geometric Mean 6.59 18.75 9.53 10.05
UCL (log-normal “t”, a=0.05) 13.59 22.40 19.59 16.92
LCL (log-normal "t", b=0.05) 6.95 17.47 10.04 9.87

Those measurements that exceeded the critical level detection level of 22 dpm/100 cm? give
some evidence of activity above background but not enough to be quantified with certainty.

The test of DCGL,, for total surface contamination concentration as measured by direct surface
emission is the mean (the geometric mean) since all data sets are determined to be log-normally
distributed. Section 4.0 provides detailed analysis of the data sets in comparison to the applicable
DCGL values.

3.1.2.1 Post Surface Media Sampling Measurements

Follow-up direct static measurements were made after each surface media sample was collected
in an effort to assure that all of the contaminant, which might have been present beneath the
immediate surface, was removed by the physical sampling process. This measurement was
necessary to validate the assumption that any contaminant that may have been deposited beneath
a paint layer or embedded in the porous substrate was limited to only shallow deposition and
would be collected and measured by the surface media sampling. Evidence of elevated
radioactivity by direct measurement after a thin surface veneer had been removed might call into
question the validity of that assumption, requiring further investigation. The results, however, are
not considered in the data set used to evaluate compliance with the DCGL,; for total surface
contamination as measured by direct surface emission. Nonetheless, the post surface media
sampling measurements are considered important since they might detect radioactivity that is
potentially “hidden” from detection by direct surface emission measurements made before
removal of the surface coating or veneer.

A total of 69 surface media samples (Table 3—6) were collected from all accessible sample
locations in Buildings 727, 782, and 783. A total of 71 direct static surface measurements were
made at the 69 surface media sample locations subsequent to collecting surface samples. Two of
these were replicate measurements collected as part of the overall QA/QC as described in the
SAP. Where the replicate measurements were made, the arithmetic mean of the replicate
measurement and the corresponding initial measurement was used as the reported value for the
specific sample location. '
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Sampling and Survey Results Document Number Z00007AA

Again, a number of statistical tests of the data were performed to assess the data set. The W-test
was used to measure the relative goodness of the fit of the observed data distribution. The W-test
and histogram showed the survey units 727-01, 727-02, 782-01, and 782—02 data sets to be log-
normally distributed. The data evaluation statistics are provided in Figure 3-3. Table 3-7
summarizes the post surface media sampling direct surface measurement data, uncorrected for
background, collected in these survey units.

Table 3-7. Summary Statistics, Post Media Sampling Direct Static Measurements

Statistic Survey Unit | Survey Unit | Survey Unit | Survey Unit
727-01 727-02 782-01 782-02
Number of Measurements 17 13 16 23
Arithmetic Mean 15.0 17.5 224 12.9
Standard Deviation (sample) 7.8 6.2 9.2 7.8
Coefficient of Variation 0.52 035 - 0.41 0.60
Max 31.5 : 29.5 41.9 31.0
Median 16.8 15.8 210 134
Minimum 4.2 8.8 75 35
Range 27.3 20.7 344 275
Geometric Mean 12.9 16.5 20.7 10.6
UCL (normal “t”, a=0.05) 21.1 220 28.4 17.9
LCL (normal "t", b=0.05) 114 14.1 18.1 9.9

The most telling presentation of the post surface media sampling surface measurements is a side
by side comparison of the data set summary statistics with the summary statistics from the direct
surface measurements made prior to sampling and the instrument background data collected
during the sampling process. Tables 3-8, 39, 3-10, and 3-11 separately compare units 727-01,
727-02, 782-01, and 782-02 summary statistics from each of these three data sets.

Table 3—-8. Comparison of Direct Static Measurement Data Sets Summary Statistics, Survey Unit 727-01

Pre-Surface Media

€ Post-Surfac_e Media Background
Statistic Sampling Sampling Measurements
Measurements Measurements Value
Value Value :

Number of Measurements 29 17 12
Arithmetic Mean 9.29 15.02 6.6
Standard Deviation (sample) 7.59 7.79 2.2
Coefficient of Variation . 0.82 0.52 : 0.34
Max 314 315 113
Median 7.5 15.8 6.3
Minimum 1.84 416 ’ 4.4
Range 29.56 27.34 ‘ 6.9
Geometric Mean 6.59 12.91 ) 6.3
UCL (log-normal “t", a=0.05) 13.59 21.07 8.1
LCL (log-normal “t", b=0.05) 6.95 11.35 54

The data evaluation and summary statistics for survey unit 727-01 indicate that the post-surface
media sampling direct static measurements are slightly higher than those collected prior to
sampling and for background. However, the maximum activity measured during pre- and post-
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Sampling and Survey Results

Data Description

DATA EVALUATION STATISTICS

Direct Static Surface Measurements (Post Surface Media Sampling)
Building 779 Ciuster Independent Verification Project
Building 727 & 783, Survey Unit 727-01

UNITS - dpm/100 cm’
[Sample Data
4.16
432
7.56
7.66
7.71
8.80
12.30
14.15
15.80
17.40
17.57
17.60
18.02
20.80
2480
25.10
31.50

Figure 3-3. Data Evaluation Statistics—Direct Static Surface Measurements, 727-01

100]

Descriptive Statistics
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Standard Deviation
cv

Range

Minimum
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GM

GSD

Mean of LN(Data)
SD of LN(Data)
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Normal Statistics
Mean
UCL{Mean)-Z
LCL(Mean) - Z
95%ile-Z
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W Test (Data)
Normal (2=0.05)?

Lognormal Statistics
GM
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AM of data

AM - MVUE

AM - MLE

UCL - Norm t stats
LCL - Norm t stats
UCL LogNorm t
LCL LogNorm t
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LCL - Modified Cox
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LCL - "Exact”
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UTL 95%, 95%
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W Test (In Data)
Lognorm (2=0.05)?

17.000
15.015
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0.519431
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1.825
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0.000

16.015
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0.000
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Sampling and Survey Results

Data Description

DATA EVALUATION STATISTICS

Direct Static Surface Measurements (Post Surface Media Sampling)
Building 779 Cluster Independent Verification Project

Building 727 & 783, Survey Unit 727-02
DCGL 100§
UNITS - dpm/100 cm*®
{Sample Data
8.80 Descriptive Statistics
9.03 Number of Samples
12.30 Mean
14.70 Median
15.10 Standard Deviation
15,70 cv
15.80 Range
16.30 Minimum
20.00 Maximum
22.00 GM
22.60 GSD
25.50 Mean of LN(Data)
29.50 SD of LN(Data)

Percent > DCGL

Normal Statistics
Mean

UCL(Mean) -2
LCL(Mean) - Z
95%ile - Z
Percent > DCGL
W Test (Data)
Normal (a=0.05)?

Lognormal Statistics
GM

GSD

AM of data

AM - MVUE

AM - MLE

UCL - Norm t stats
LCL - Norm t stats
UCL LogNorm t
LCL LogNorm t
UCL - Modified Cox
LCL - Modified Cox
UCL - "Exact"

LCL - "Exact”
95%ile

UTL 95%, 95%
Percent > DCGL
PEP (Upper)

PEP (Lower)

W Test (In Data)
Lognorm (a=0.05)?

13.000
17.487
15.800

6.165

0.352573

20.700
8.800
29.500
16.470
1.443
2.802
0.367
0.000

17.487
20.838
14.135
27.629
0.000
0.954924
Yes

16.470
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17.522
17.617
21.213
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0.014
1.39E-12
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Figure 3-3 (continued). Data Evaluation Statistics—Direct Static Surface Measurements, 727-02
(Post Surface Media Sampling)
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Document Number Z00007AA Sampling and Survey Results

DATA EVALUATION STATISTICS
Data Description
Direct Static Surface-Measurements (Post Surface Media Sampling)
Building 779 Cluster Independent Verification Project

Building 782, Survey Unit 782-01 ( ‘
Probabllity Plot and Least Squares
Best FitLine
DCGL 100}
UNITS - dpm/100 cm* r T
{Sample Data
748 Descriptive Statistics oY
13.90 Number of Samples 16.000 o~ Qg Ve
14.10 Mean 22.443 ~95%
14.20 Median 21.000 /| Bl
17.50 Standard Deviation 9.187 L 75%
2070 ° oV 0.409324 1
20.90 Range 34.410 =150 ﬁ‘t
20.90 Minimum 7.480 yy) 7
21.10 Maximum 41.900 - }g oy
21.30 GM 20.718 Cleb
24.00 GSD 1.529 / L oo 1
24.30 Mean of LN(Data) 3.031 1Y
27.60 SD of LN(Data) 0.425
27.90 Percent > DCGL 0.000 20 0 20 40 60
41.30
41.90
’ Normal Statistics Log-Probability Piot and Least
Mean 22443 Squares Best Fit Line
UCL(Mean)-2Z 26.945
LCL(Mean) - Z 17.942 7
95%ile - Z 37.555 f
Percent > DCGL 0.000 L 099
W Test (Data) 0.90424 ﬂ/ * 98%
Normal (a=0.05)? Yes » 95%
'S 90;%
Lognormal Statistics [ %02
GM 20.718
GSD 1.529 = 50%
AM of data 22.443 L 25%
AM - MVUE 22,536 L 16%
AM - MLE 22672 10%
UCL - Norm t stats 27.338 T g;“
LCL - Norm t stats 17.648 m LR 7%
UCL LogNorm t 28.429 o |
LCL LogNorm t 18.081 1.0000 10.0000 100.0000
UCL - Modified Cox 28.560
LCL - Modified Cox 17.782
UGL - "Exact" 0.06 +
LCL - "Exact"
95%ile 41.659 ) o
UTL 95%, 95% 60.483 005 95%ile
Percent > DCGL 0.010 0.04 1
PEP (Upper) 0.328
PEP (Lower) 5.18E-06 0.03 |
W Test (in Data) 0.938614 )
Lognorm (a=0.05)? Yes 0.02 |
0.01 +
0 : \ |
] 20 40 60

Figure 3-3 (continued). Data Evaluation Statistics—Direct Static Surface Measurements, 782—01
(Post Surface Media Sampling)
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Data Description

DATA EVALUATION STATISTICS

Direct Static Surface Measurements (Post Surface Media Sampling)
Building 779 Cluster Independent Verification Project
Building 782, Survey Unit 782-02

DCGL 100}
UNITS - dpm/100 cm*®
Sample Data
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4.79 Standard Deviation
5.53 cv
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GSD

AM of data
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LCL - Norm t stats
UCL LogNorm t
LCL LogNorm t
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LCL - Modified Cox
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Figure 3-3 (continued). Data Evaluation Statistics—Direct Static Surface Measurements, 782-02
(Post Surface Media Sampling)
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Sampling and Survey Results

media sampling is the same. The arithmetic mean, geometric mean and median for the
background and pre-media sampling measurements are virtually the same.

Table 3~9. Comparison of Direct Static Measurement Data Sets Summary Statistics, Survey Unit 727-02

N Pre-ss:r;a:"enlgedla Post-:::;::iz ;vledla Background
Statistic Measurements Measurements Meas‘;lrle ments
Value Value alue
Number of Measurements 29 13 9
Arithmetic Mean 19.69 17.5 14.8
Standard Deviation (sample) 6.09 6.2 4.2
Coefficient of Variation 0.31 0.35 0.29
Max 36.3 29.5 225
Median 19.4 15.8 15.1
Minimum 8.82 8.8 85
Range 27.48 20.7 14.1
Geometric Mean 18.75 16.5 14.2
UCL (normal “t", a=0.05) 22.40 22.0 18.7
LCL (normal 4", b=0.05) 17.47 141 11.8

The data evaluation and summary statistics for survey unit 727-02 indicate that there is no
appreciable difference between the pre- and post-surface media sampling direct static
measurements and the background.

Table 3-10. Comparison of Direct Static Measurement Data Sets Summary Statistics,
Survey Unit 782-01 ‘

N Pre-Sst;rr:'a‘;:l?nngAedm Post?:::ﬁz :ledla Background
Statistic Measurements Measurements Meas\;:;iz r:ents
Value Value

Number of Measurements 29 16 12
Arithmetic Mean 12.68 224 7.4
Standard Deviation (sample) 8.53 9.2 57
Coefficient of Variation 0.67 0.41 0.77
Max 34.5 41.9 15.8
Median 10.95 21.0 4.8
Minimum 1.2 75 11
Range 333 344 14.7
Geometric Mean a.53 20.7 51

UCL (normal “t”, a=0.05) 19.59 284 15.8

LCL (normal “t”, b=0.05) 10.04 18.1 4.5

The data evaluation and summary statistics for survey unit 78201 indicate that the post-surface
media sampling direct static measurements are slightly higher than those collected prior to
sampling and for background. It is also evident that the pre-media sampling measurements are
also slightly higher than those of the background.
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Table 3-11. Comparison of Direct Static Measurement Data Sets Summary Statistics,
Survey Unit 782-02

N Pre-Ssl;r':‘a:"enl\gnedla POSt-Ss.:r:\f:ﬁz :Iedla Background
Statistic Measurements Measurements Meas\;xrements
alue
Value Value
Number of Measurements 29 23 15
Arithmetic Mean 12.13 129 11.7
Standard Deviation (sample) 6.38 7.8 7.2
Coefficient of Variation 0.53 0.60 0.62
Max 24.1 31.0 28.1
Median 11.1 13.4 8.3
Minimum 1.1 35 46
Range 23.0 27.5 235
Geometric Mean 10.05 "10.6 10.0
UCL (normal “t”, a=0.05) 16.92 17.9 16.2
LCL {normal “t", b=0.05) 9.87 9.9 8.6

The data evaluation and summary statistics for survey unit 782_02 indicate that there is no
appreciable difference between the pre- and post-surface media sampling direct static

. measurements and the background.

The fact that the data from two of the survey units yielded slightly higher direct static
measurements of activity once the surface layer had been removed and that the corresponding
surface media sample yielded no appreciable measure of radioactivity tends to support the
possibility that the building materials have a measurable concentration of naturally occurring
radionuclides!. For sample locations where media samples were collected, both the pre- and
post-surface media sampling direct static measurement data set are presented side-by-side in
Table 3-12.

3.2 Laboratory Measurements

The GJO Analytical Laboratory was used to assay all smear and surface media samples collected
for independent verification from survey units 727-01, 727-02, 782-01, and 782-02. The GJO
Analytical Laboratory was selected because of its method capabilities, quality program,
autonomy, and ability to meet the detection limits specified in the SAP (DOE 1999a). In each
case, the laboratory met or exceeded the contract required detection limit specified in the SAP.
Results of samples analyzed are summarized in the following sections below.

'Although indications point to the possibility of measurable concentrations of naturally occurring radionuclides, particularly in the
concrete materials used in the building construction, no credit is taken by attempting to subtract these from the measured vales in
the building. Instead, all radioactivity measured (other than the instrument background) is assumed to be DOE contributed values
and is compared against the applicable DCGL to determine compliance with the DQOs.
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3.2.1 Smear Samples

Smear samples were collected at each of the 29 designated sample locations from each survey
unit. Smear samples were collected following the initial direct static surface measurement by
wiping the surface with an absorbent smear filter media using moderate pressure. The smears
were packaged and delivered to the GJO Analytical Laboratory for counting. The 29 smear
samples from each survey unit were submitted to the GJO Analytical Laboratory along with
seven blank and five “spiked” QC smears for analysis. Table 3—13 is provided to aid the reader

to keep the sample identification numbers straight. Results and conclusions relative to the quality -

control smear samples are provided in Section 6.0 of this report.

With the exception of the spiked QC samples submitted, the analytical results showed no
measurable radioactivity indicating that there is very little likelihood that the DCGLw for
removable surface contamination might be exceeded in the survey unit. Since every sample
result was below the detection limit for the analysis (MDA), no statistical inferences can be made
for the data set. However, since the method detection limit was significantly below the DCGLw
for removable alpha radioactivity, and each smear sample was shown to have activity less than
the detection limit, statistical treatment of the data set is not necessary in order to measure
compliance. Table 3—14 summarizes the pertinent information gleaned from the complete
analytical report (Requisitions 16900, 16901, and 16908). The entire analytical report is provided
in Appendix C.

3.2.2 Surface Media Samples

At the request of DOE, surface media samples were collected prior to taking direct static
measurements. Surface media samples were collected at locations without consideration of the
trigger criteria outlined in the SAP (DOE 1999a). In all, 69 (17 from unit 727-01, 13 from unit
727-02, 16 from unit 782—-01, and 23 from unit 782-02) surface media samples were collected.
Since the media sample inclusion criteria for a painted or coated surface and/or exceeding the

a priori estimate of the critical detection level of 22 dpm/100 cm?* were not assessed prior to
taking the media samples, samples were collected at all accessible survey locations except for
those on the metal walls and roof of Building 783 and the roof of Building 782.

The walls and roof of Building 783 were constructed of galvanized steel with a thin factory coat
of paint. No other paint or coating was ever applied to these surfaces. The collection of media
samples from these steel surfaces was determined to be impractical since direct static
measurements could quantify any significant fixed surface contamination. The roof material of
Building 782 consisted of gravel stone ballast, tar, fiberboard, and 3 inches of insulation. This
material was removed by the Contractor prior to the final survey. The remaining vapor barrier
covering the concrete roof support was considered a bare surface. Subsequent direct static
measurements of all the sample locations on the roof of Building 782 were less than

22 dpm/100 cm®.
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Sampling and Survey Results

Document Number Z00007AA

Table 3—-14. Summary of Analytical Report Data for Smears

Survey Unit 727-01 Survey Unit 72702
Number of Samples 29 (264806 through 264834) | 29 (264838 through 264866)
Method Detection Limit («=0.05) 4.72 dpm/100 cm? 4.72 dpm/100 cm?
Removable Alpha Surface All smear samples were less Al smear samples were less
Radioactivity (dpm/100 cm?) than (<) MDA ) than (<) MDA
Sample Count Time 6 minutes 6 minutes

Survey Unit 782-01 Survey Unit 782-02
Number of Samples 29 (264945 through 264973) { 29 (264913 through 264941)
Method Detection Limit («=0.05) 4.84 dpm/100 cm? 4.84 dpm/100 cm?
Removable Aipha Surface All smear samples were less | All smear samples were less
Radioactivity (dpm/100 cm?) than (<) MDA than (<) MDA
Sample Count Time 6 minutes 6 minutes

In order to achieve the required detection sensitivity and to distinguish between transuranic and

. uranium series radionuclides, alpha spectroscopy analysis was chosen to assay the surface media

samples. Distinction between transuranic and uranium series nuclides is important because
radionuclide series specific DCGLs were established for the surface media samples. Sample
masses ranged from approximately 5 to 20 grams and were collected over a 100 cm? surface
area. The laboratory analyzed each sample for the following radionuclide sets:

e Transuranic Series Isotopes Pu-238, Pu-239/240, and Am-241

¢ Uranium Series Isotopes U-234, U-235, and U-238

In spectrometric analysis, each isotope has its own counting statistics and detection limit. Many
of the sample measurements resulted in one or more of the isotope specific values below the
detection limit. When this occurred, a value equal to one half of the sample specific detection
limit was used to calculate the total radionuclide series activity. Collated data has been derived
from the complete analytical report (Requisitions 16904, 16905, and 16906) and presented in
Table 3-15. The entire analytical reports are provided in Appendix C.

From summary data presented in Table 315 several features are apparent:

¢ Isotopic assay of the contaminants found on and beneath surfaces in Buildings 727, 782, and
783 indicate the persistent presence of uranium series radionuclides. All but the three
samples collected from the roof of Building 727 (fiberboard and tar) showed detectable
concentrations of both of the two uranium isotopes found most abundantly in nature, U-234
and U-238. This is indicative of the presence of background contributions of these nuclides
and is consistent with the background contributions expected in concrete and cinder block
materials (NRC 1997).

o No clear presence of transuranic radioactivity was mdlcated in any of the 69 samples
collected.

DOE/Grand Junction Office
March 2000
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e The detection limit for a given isotope varied for each sample. This is due to the variation in
the total sample mass collected. The laboratory was limited by the mass of sample that could
efficiently be processed to extract the nuclides of interest. As a result, the laboratory
fractioned a relatively consistent aliquot of the total mass submitted to actually perform the
analysis. The larger the sample collected and submitted, the smaller the fraction represented
by the aliquot. Thus, the detection limit increased (got poorer) as the total mass collected
increased. In each case, however, actual field sampling procedure collected a sample from a
100 cm? area until the entire surface had been stripped of the paint layer or surface veneer.

Surface media sample data evaluation statistics for each survey unit is presented for the uranium
series and the transuranic series in Figures 3—4 and 3-5, respectively. Table 3—16 presents the
summary statistics for the surface media sample data set, with the transuranic and uranium series
nuclides presented as independent subsets.

Table 3—15. Surface Media Sample Data, Buildings 727 and 783, Survey Unit 727-01—
Alpha Isotopic Analysis

Total Total
Transuranic | Uranium
;,g Am-241 Pu-238 Pu-239/240 | U-234 U-235 U-238| Activity Activity
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S| 2|88 | & |58 | & |38 | & | & |38 & s s
=] xS x & [
£ E £ E
2 3 a b
MEDO0000386{264771]11.03|0.88 | 0.88 | 1.29 0651 1814 091 ]31.11] 1.86 ] 093 {30.98 2.43 63.02
MEDO0000387|264772(13.70 {1.36 | 136 | 051 | 026 | 1.07 | 0.54 | 60.67 | 261 | 131 ]59.34 2.15 121.32
MEDO0000390/264773|11.081.45¢ 145 | 082 | 0414 141105612924} 2.26 | 2.26 |30.58 2.42 62.08
MEDO0000396 (264774 14.91 | 0.57 | .0.57 416~ 0.68 |-2.03 | 102 |2216| 255 | 1:28:]24.68 2.17 48.12
MEDOQ000397|264775| 15.84 | 1.72 | 1.72 1.07 ] 054|107 05412633} 199 | 1.00.126.77 2,79 54.10
MEDO00003981264776| 13.45 ' 1.20} 060 | 051 T@Oi& 198 | 0989 |19.851 1171 059:119.77 1.85 40.21
MEDO000399|264777| 13.74 | 1.44 | 1.44 100 ] 050 1.00-]1:0.50.)2026| 215 {:1.08]18.08 2.44 39.42
MEDO0000400]264778] 7.52 [ 2.23| 2.23 057 1 029:].078 1039|1344 [ 141 1071 113.26 291 27.41
IIMEDO0000401(264779| 3.71 | 0.91 | 0.91 20312 | 0.16 1.34 | 1.34 | 3.17 | 0461 023 | 3.43 2.41 6.83
MEDO0000402{264780] 15.31|1.55]| 1.55 | 0.50 0.25 126 1063 19.05 | 2.51 |:1.26|23.17 2.43 43.48
MEDO0000403|264781| 14.57 | 1494 :0.75 | 115 058 | 1561078 ]20.18 | 3.15:] 1.58]18.90 210 | 40.66
MEDOQ000404 264782 6.16 | 2.04 | 2.04 0.75:| 0.38 139 |.1.39 | 6.04 | 108 {054 | 6.67 3.81 13.25
MEDO0000405|264783| 11.00| 0.85| 0.85 }: 091} 046 | 146 1073112131187 | 0.84 | 14.08 2.04 27.15
MEDO0000406 1264784 13.10|1.63 | 163 | 044 ;| 022 { 091 1 046 ]21.99| 1.69 {0.85 |19.92 2.31 42.76
MEDQO000407 [ 264785 17.59| 2.68 | 2.68 174 {087 1.7 10991 31.75|.3.11 ] 1.56 ] 32.05 4.54 65.36
MEDO000408 264786 10.28 | 0.90 | 0.90 4.321..0.66 1.22 ]0:61 | 16.23 |'1.89 | 0.95 | 14.27 217 31.45
MEDQ000409]264787| 11.29| 1.54 | 1.54 1.07 0.54 144 1072 |19.07 | 125 ]'0,63 15.14 2.80 34.84
Shaded cells indicate values below the detection limit. The reported value is the sample-specific MDA.
DOE/Grand Junction Office Sampling and Survey Report for Building 779 Cluster, Buildings 727, 782, and 783
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Table 3—-15 (continued). Surface Media Sample Data, Buildings 727 and 783, Survey Unit 727-02—
Alpha Isotopic Analysis

- Total Total
Am-241 Pu-238 Pu-239/240 | U-234 U-235 U-238 | Transuranic | Uranium
. Activity Activity
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MEDOQ0O0367 (264788 17.16 | 2.02 | 2.02 _. 1032 l 243 | 1.22 | 4231 | 2.47 | 2.47 }37.69 3.55 82.47
MEDOO000368 | 264789} 19.23 | 2.20 | 2.20 | = .} 053 128 1064|2833 | 3:10 | 1.55]28.55 3.37 58.43
MEDO0000369 | 264790 [ 13.04 | '1.05 _1 053 | 046 1 023 | 134 | 067 075 ]1631{082)]074 1.43 2.31
MEDO0000370}264791| 16.95 | 2.27 2.27_"‘»:%0;57'!2 029 | 276 l 2.76 | 35.07 | 241 | 2.41 | 37.52 5.32 75.00
MEDO0000371|264792| 11.64| 1.51 | 151 | 035 | 018 | 1.00 }-050 | 23.21 \1.924-{0596“' 24.34 219 48.51
MED0000372{264793/ 15.31 | 1.73 | 1.73 | 1120 | 060 | 1.37 | 069 | 3529 | 343 | 1:72 |37.86| 3.2 74.87
MEDO0000373|264794| 7.01 } 0.59 | 030} 061 | 0.31 1054 | 027 | 0431084 1042 1043 0.87 1.28
MEDO0000374|264795| 15.42| 162 | 1.62 30 1.76 |.0.88] 3506 | 3.30 | 3.30 |32.89 3.15 71.25
MEDOD00375 (264796 ) 13.251 4.92 | 4.92 -] 3.07 l 3.07 | 18.81 | 1.69 | 0.85 | 18.41 8.21 38.07
MED0000376 | 264797 5.01 |:0.38 | 019 10451023 030 | 076} 038 1.00 0.62 1.68
MEDO0000377 | 264798 ] 15.08 | 2.53 | 2.53 2.1101“1,06‘ 2794 1 320 131.02 443 | 60.56
MEDO0000378 264799 | 18.60 1.25 | 1.25 {248 ] 1.24 | 49.91 | 3.36 48.71 3.42 101.98
MEDO0000379{264800) 15.20} 1.87 | 1.87 | 061__I 031 126 {1 063 | 33.85 l 255 | 128 |32.93 2.81 68.06
Shaded cells indicate values below the detection limit. The reported value is the sample-specific MDA
Sampling and Survey Report for Building 779 Cluster, Buildings 727, 782, and 783 DOE/Grand Junction Office
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Table 3—-15 (continued). Surface Media Sample Data, Building 782, Survey Unit 782—01—
Alpha Isotopic Analysis

Total Total
Transuranic | Uranium
—,,7 Am-241 Pu-238 Pu-239/240 |U-234 U-235 U-238| Activity Activity
E
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MEDO000301 | 264870 8.07 }1.20] 1.20 | ‘0.357"“0.’18 : ";V«‘°‘O;39~5]‘%0§03 30611 192 | 1.92 |31.96 1.57 64.49
MEDOQ000302 [ 264871{11.30 | 0.73| 0.73 |‘f‘i0.10 ] 0.05 :‘10.'7221:0.36‘ 2299| 164 | 0.82 12287 1.14 46.68
MEDO000303 (264872 11.12 | 0.74 | . 0.37 026 | 013 | 055 {028 (2533|143 | 1.43 |27.72 0.78 54.48
MEDO0000304 | 264873 | 12.10 [ 1.19 | 0.60 021 | 011 053 | 027 12581 7.02 | 7.02 {24.13 0.97 56.96
MEDO000305 | 264874 | 10.47 | 0.66] 033 | 016 008 | 026 ]013:118.08}092 | 046 }|17.25 0.54 35.79
MEDO000306 | 264875| 8.24 | 0.82} 0.82 | 0.08 | 004 1-0:54 1 0.27 {28.21] 1.36 | 1.36 |27.63 1.13 57.20
MEDO0000307 | 264876 13.70 | 2.38 | 2.38 | 0.08 ] 004 047 !?«0.24\126.33 v‘\in;55;f:€fl.§'0,28 127.30 2.66 53.91
MEDO0000308 | 264877| 10.62 | 1.04| '0.52 | 029 | 015 | 074 ] 037 |3245[ 1.59 [ 1.59 |30.92 1.04 64.96
MEDOQ000309 {264878| 8.18 |0.70| 070 | ©0.15:| 008 | 026 01311789 1.18 | 1.18 |19.37 0.91 38.44
MEDO0000310[264879| 15.16 } 1.81 | 1.81 l 033 | 017 141 1071 (1069] 015 |:0.08 | 8.14 2.68 18.91
MEDO000311 (264880} 9.24 | 1.79| 1.79 I 0.05 | 0.00:{0.00 121.53 225 I 2.25 |1 19.08 1.84 42.86
MED0000312|264881| 11.94 | 0.76 | 0.38 | 0.00 | 032 [ 016 2439162 | 0.81 [27.08] 054 52.28
MEDO0000313|264882( 11.11 [ 1.20| 1.20 }:021 | 011 | 0572 | 029 |36.84] 138 ]| 069 137.13 1.59 74.66
MEDO0000314 | 264883 10.10[1.55| 1.55 | 010 } 005. '} 035|018 [18.28] 1.20 | 1.29 | 18.78 1.78 38.35
MEDO0000315{264884( 9.16 [0.72| 0.72 | 0.05 0.03 084 104213207} 1.36 | 1.36 | 32.36 1.17 65.79
MEDO0000316 | 264885 9.19 | 1.89 | 1.89 I 036 | 018 | 064 1032 2161|167 | 1.67 (20.27 2.39 43.55
Shaded cells indicate values below the detection limit. The reported value is the sample-specific MDA.
DOE/Grand Junction Office Sampling and Survey Report for Building 779 Cluster, Buildings 727, 782, and 783
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Table 3—15 (continued). Surface Media Sample Data, Building 782, Survey Unit 782—-02—
Alpha Isotopic Analysis

Total ?I;otal
Transuranic| Uranium
- Am-241 Pu-238 Pu-239/240 |U-234| U-235 {U-238| Activity Activity
£
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MEDO0000421 |264888| 10.49 .05 0.08 | 19.75 | 1.45 | 1.45 | 22.24 0.59 43.44
MEDO0000422 |264889| 7.87 04 14.73 0.73 29.70
MEDO0000423 |264890] 10.61 1115.05 1.62 31.22
MED0000424 |264891| 4.52 XL 3.52 10.56
MEDO0000426 }264892| 2.82 2.45 1.24 5.29
MEDO0000427 |264893| 3.82 2.23 2.44 4.66
MEDO000430 264894 | 4.49 . 10044 4.15 2.43 9.43
MEDO000431 |264895| 6.62 7.10 [ 009 =:o.os" 7.40 4.79 14.55
MEDO0000432 |264896| 8.24 15.36 | 2.06 | 2.06 | 14.61 0.69 32.03
MED0000433 {264897| 9.21 ; : 15.59| 0.68 | 0.34 {19.37 1.34 35.30
MEDO0000434 |264898| 8.15 |0: 02412072 ¢ 16.33| 0,92 | 0.46 | 14.82 0.62 31.61
MEDO0000435 |264899| 5.99 [0.05] 0.03 | 0.06 003 | 017 |:0.09 1543 0.88 | 0.88 | 15.49 0.14 31.80
{MED0000436 |264900] 11.24|1.36] 1.36 | 0.30..| 0.15 | 0.03 | 0.02 [40.22] 1.79 | 0.90 | 38.10 1.53 79.22
{MED0000437 |264901]| 11.01]0.59] 0.30 | 0:19 | 0.10 | 0.83 | 0.83 [19.45]|1.24 | 0.62 [21.32 1.22 41.39
IMED0000438 |264902( 7.97 |0.65] 033 | 009 | 0.03 | 002 |2596] 1.89 | 085 [29.11] 039 56.02
[MED0000440 |[264903[ 8.63 {0.69] 069 | 0149 | 0.10:] 008 | 004 ]10.17] 0:41 | 021 [10.25 0.83 20.63
MEDO0000441 |264904| 6.75 |0.33| 0.33 02 | 0061003 903|106 106|955 0.37 19.64
MEDO0000442 |264905| 5.76 {0.43] 0.43 037 {019 | 6.36 | 0.30 | 015 | 6.09 0.84 12.60
MEDO0000443 |264906| 8.97 10.79] 0:40 . 03210116 [ 11.751:0.80 | 040 | 11.98 0.57 2413
MEDO0000444 |264907| 8.70 | 1.31 = 00,06 10,39 ] 0.20110.76 1°0:38 | 0.19:]11.93 1.56 22.88
MEDO0000445 |264908| 8.84 |1.02 | 004 | 0.08 | 0041001/ 065} 033|829 1.10 18.63
|MEDO000446 |264909( 7.09 [0.57] 0. 0.01 | 004 002761087 ]|044)864| 032 16.69
MED0000447 (264910 10.25 [1.22| 1.22 | 021 | 041 | 021 [0.1113.09] 034 ['0.47 [1293] 143 26.19
Shaded cells indicate values below the detection limit. The reported value is the sample-specific MDA.
Sampling and Survey Report for Building 779 Cluster, Buildings 727, 782, and 783 DOE/Grand Junction Office
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DATA EVALUATION STATISTICS
Data Description
Uranium Series Activity, Surface Media Samples
Building 779 Cluster, Independent Verification Project
Building 727 & 783, Survey Unit 727-01

Probability Plot and Least Squares

L BCGL 5000] Best Fit Line
Sample Data [ I
UNITS - dpm/100 cm? Descriptive Statistics - St t
6.83 Number of Samples 17.000 i B8%
13.25 Mean 44,792 /% os% ]
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27.41 Standard Deviation 25.504 [ f5on
31.45 ooV 0.569401 T
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Normal (a=0.05)? No [ 95% |
0% |
Lognormal Statistics {% 84%
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UTL 95%, 95% 189.316 0.02 - 95%ile
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PEP (Upper) 0.000 0.015 A
PEP (Lower) 0
W Test (in Data) 0.903053
Lognorm (a=0.05)? Yes 0.01 -
0.005
o t

0 50 100 150 200

Figure 3—-4. Data Evaluation Statistics—Uranium Series Activity, Surface Media Samples
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Sampling and Survey Results

Document Number Z0O0007AA

Data Description

DATA EVALUATION STATISTICS

Uranium Series Activity, Surface Media Samples
Building 779 Cluster, Independent Verification Project
Building 727 & 783, Survey Unit 727-02
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Sample Data
UNITS - dpm/100 cm?
1.28
1.68
2.31
38.07
48.51
58.43
60.56
68.06
71.25
74.87
75.00
82.47
101.98

5000]

Descriptive Statistics
Number of Samples
Mean

Median

Standard Deviation
cv

Range

Minimum

Maximum

GM

GSD

Mean of LN(Data)
SD of LN(Data)
Percent > DCGL

Nommal Statistics
Mean

UCL(Mean) - 2
LCL(Mean)-Z
95%ile - Z
Percent > DCGL
W Test (Data)
Normati (a=0.05)?

Lognormal Statistics
GM

GSD

AM of data

AM - MVUE

AM - MLE

UCL - Norm t stats
LCL - Norm t stats
UCL LogNorm t
LCL LogNorm t
UCL - Modified Cox
LCL - Modified Cox
UCL - "Exact"

LCL - "Exact”
95%ie

UTL 95%, 95%
Percent > DCGL
PEP (Upper)

PEP (Lower)

W Test (in Data)
Lognom (8=0.05)?

13.000
52.652
60.560
32.909
0.625033
100.700
1.280
101.980
28.290
5.071
3.343
1.623
0.000

52.652
70.541
34.762
106.787
0.000
0.891875
Yes

28.290
5.071
52.652
87.386
105.671
72.538
32.765
281.851
39.618
402.984
18.949

408.753
2158.487
0.072
1.288
6.41E-05
0.682515
No

Probability Plot and Least Squares

-100.00 0.00

Best Fit Line
g

- hd

B8% | 1

= 90% I

= !% I

-75% | +

oo | 1

C 135%§H€

;/ C116% | 1

q :'

/T CR% 1

100.00 "200.00

Log-Probability Plot and Least

Squares Best Fit Line

r;gé&,

¥

AN 1 (N

e

oY

rov:)
-
e S
"

£

10 1000 100000

0.02
0.018
0.018
0.014
0.012

0.01

0.008 ]

0.006
0.004
0.002

-

] A'é%“%s%ne

]

1

0 500 1000

~

1500

Figure 3—4 (continued). Data Evaluation Statistics—Uranium Series Activity, Surface Media Samples

Sampling and Survey Report for Building 779 Cluster, Buildings 727, 782, and 783

Page 3-34

Draft Final

DOE/Grand Ju

nction Office
March 2000



Document Number Z00007AA Sampling and Survey Results

DATA EVALUATION STATISTICS
Data Description
Uranium Series Activity, Surface Media Samples
Building 779 Cluster, Independent Verification Project

Building 782, Survey Unit 782-01 ;
Probability Plot and Least Squares
r SoaL 5000] Best Fit Line
T ; 1
Sample Data | i1
UNITS - dpm/100 em? Descriptive Statistics e
18.91 Number of Samples 16.000 : -
3579 Mean 50.582 95% 1
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42.86 cv 0.278098 ]
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Figure 3-4 (continued). Data Evaluation Statistics—Uranium Series Activity, Surface Media Samples
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Sampling and Survey Results Document Number Z00007AA
DATA EVALUATION STATISTICS
Data Description
Uranium Series Activity, Surface Media Samples
Building 779 Cluster, independent Verification Project
Building 782, Survey Unit 782-02 7

r DCGL
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UNITS - dpmv100 em?
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Document Number Z00007AA Sampling and Survey Results

DATA EVALUATION STATISTICS
Data Description
Transuranic Activity, Surface Media Samples
Building 779 Cluster, Independent Verification Project

Buildings 727 and 783, Survey Unit 727-01
: Probability Plot and Least Squares
L BoGL 100| Best Fit Line
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Figure 3~5. Data Evaluation Statistics—Transuranic Series Activity, Surface Media Samples
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Sampling and Survey Results

Document Number Z00007AA

Data Description

DATA EVALUATION STATISTICS

Transuranic Activity, Surface Media Samples
Building 779 Cluster, independent Verification Project
Buildings 727 and 783, Survey Unit 727-02

L DCGL _oof
Sample Data
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l Document Number Z00007AA Sampling and Survey Results
DATA EVALUATION STATISTICS
Data Description
Transuranic Activity, Surface Media Sampies
Building 779 Cluster, Independent Verification Project
. Building 782, Survey Unit 782-01
Probability Piot and Least Squares
L BCer 100] Best Fit Line
Sample Data 3
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I Figure 3-5 (continued). Data Evaluation Statistics—Transuranic Activity, Surface Media Samples
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Sampling and Survey Results

Document Number Z00007AA

Data Description

DATA EVALUATION STATISTICS

Transuranic Activity, Surface Media Samples
Building 779 Cluster, independent Verification Project
Building 782, Survey Unit 782-02

I DCGL

100]
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Document Number Z00007AA Sampling and Survey Results

Table 3—-16. Summary Statistics, Surface Media Samples

W
i

Survey Unit 727-01 Survey Unit 727-02
Statistic Transuranic Uranium Series Transuranic Uranium Series
Surface Activity | Surface Activity | Surface Activity | Surface Activity
Value Value Value Value
Number of Measurements 17 17 13 13
Arithmetic Mean 2.58 44.79 3.26 52.65
Standard Deviation 0.68 2550 1.99 32.91
Coefficient of Variation 0.26 0.57 0.61 0.63
Max 4.54 121.32 8.21 101.98
Median 2.42 40.66 " 3.15 60.56
Minimum 1.85 6.83 0.62 1.28
Range 269 114.49 7.59 100.70
Geometric Mean 2.51 37.99 2.67 28.29
UCL (log-normal “t", a=0.05) 2.89 65.25 5.29 281.85
Survey Unit 782--01 Survey Unit 782-02
Statistic Transuranic Uranium Series Transuranic Uranium Series
Surface Activity | Surface Activity | Surface Activity | Surface Activity
Value Value Value .Value
Number of Measurements 16 16 23 23
Arithmetic Mean 1.42 50.58 1.32 26.85
Standard Deviation 0.69 14.07 1.10 17.08
Coefficient of Variation 0.49 0.28 0.83 0.64
Max 2.68 74.66 4.79 79.22
Median 1.16 563.10 1.10 24.13
Minimum 0.54 - 18.91 0.14 466
Range 2.14 55.75 465 74.56
Geometric Mean 1.27 48.36 0.98 - 21.92
UCL (log-normal “t", a=0.05) 1.88 . 60.95 1.94 37.60
DOE/Grand Junction Office Sampling and Survey Report for Building 779 Cluster, Buildings 727, 782, and 783
March 2000 Draft Final Page 3—41
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4.0 Anélysis of Sample Plan Results for Compliance

In accordance with MARSSIM and other EPA guidance (EPA 1997) (EPA 1993), the

Building 779 Cluster IV SAP identified the decision rules which provide the basis for
independently verifying and assessing the RFETS Contractor’s conclusions and
recommendations for risk management actions in Building 779 (DOE 1999a). To accomplish
this objective, the IVC was tasked with performing independent measurements of a
representative fraction of the Contractor’s survey, such that a statistically valid, yet independent
conclusion could be drawn. In order to obtain a data set robust enough to allow statistically valid
comparisons with the decision rules, the IVC selected and sampled four of the five designated
survey units in Buildings 727, 782, and 783 or four of 49 designated survey units in the

Building 779 Cluster. The first decision rule supports this decision objective. The IVC was also
tasked with reviewing and verifying the Contractor’s Closeout Radiological Survey Report and
its conclusions. Since the Contractor’s decision basis is applied independently to each survey
unit, a sampling and statistical test with power comparable to that used by the Contractor was
needed in order to compare with the conclusions reached by the Contractor. The second decision
rule supports this objective. The decision rules which define compliance for the independent
verification of the Building 779 Cluster surveys are specified in the IV SAP (DOE 1999a) and
were reviewed by the EPA and approved by DOE and CDPHE. The IVC’s SAP specifies the
following two decision rules:

If the independent verification survey concludes that, in the selected survey unit(s), the mean
(or median) removable surface contamination concentration is below 20 dpm/100 em’ gross
alpha activity, and the mean (or median) total alpha surface contamznatzon concentration as
measured by direct surface emission is below 100 dpm/100 cm’, and the maximum total alpha
surface contammatzon concentration as measured by direct surface emission is below

300 dpm/100 cm?, and the mean (or median) contamination concentration on and beneath a
surface with a surface coating as measured by collection and analysis of a surface media
sample is below 1 00 dpm/100 cm’ for all transuranic nuclides combined and below

5,000 dpm/100 cm’ for all uranium series nuclides combined, then conclude that the survey
unit meets the release criterion.

If the IVC survey conclusion disagrees with the Contractor’s final status survey conclusion,
then refute the Contractor’s conclusion for the survey unit and consult with the DOE-RFFO
contact for direction on discrepancy resolution.

Demonstrating compliance with the decision rules for independent verification provides DOE
with assurance that a substantial and credible case exists for releasing the buildings from further
radioactive contamination controls during demolition or disposal.

The first decision rule forms the basis for the five DCGLs, the benchmarks against which
measured values are compared to determine compliance. Each component of the decision rule
can be reduced to a specific DCGL. The DCGLs for Buildings 727, 782, and 783 Closeout
Radiological Survey are:

e 20 dpm/100 cm’ for removable alpha surface contamination

o 100dpm/100 cm’ (mean or median) total alpha surface contamination as measured by direct
surface emission

DOE/Grand Junction Office Sampling and Survey Report for Building 779 Cluster, Buildings 727, 782, and 783
March 2000 Draft Final Page 4-1
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o 300 dpm/100 cm? (maximum) total alpha surface contamination as measured by direct
surface emission

e 100dpm/100 cm’ (mean or median) total transuranic surface contamination on and beneath
a surface with a surface coating as measured by collection and analysis of a surface media
sample

e 5,000 dpm/100 cm’ (mean or median) total uranium series surface contamination on and
beneath a surface with a surface coating as measured by collection and analysis of a surface
media sample

4.1 Survey and Sampling Results Compared to the DCGLs

The following sections address each component of the sampling performed and compare the
results to the applicable DCGLs. While the data sets collected by the IVC have been shown to
best fit both normal and log-normal distributions, the DCGLw values as stated by the RFETS
Contractor (RMRS 1999a), do not specify whether the compliance benchmark assumes the
arithmetic mean or some other estimate of central tendency appropriate to the distribution. For
example, in the case of log-normally distributed data, the log-normal average (i.e., geometric
mean) is a more appropriate indicator of the central tendency. When the distribution is not well
known or abnormally skewed, the median value generally provides a good estimate of the central
tendency for the data set. For comparison purposes in this report, the arithmetic (or normal)
mean, the log-normal mean, and the median value are provided for each data set along with the
maximum values observed. These provide the risk managers and decision maker with the range
of plausible values that might be encountered and considerable evidence, regardless of the
underlying distribution, for comparison with the DCGL benchmarks.

4.1.1 Direct Static Surface Measurements

Table 4—1 presents the gross direct static surface measurement results obtained in survey units
72701, 727-02, 782-01, and 782—02. In this table, no correction for instrument background has
been made in order to provide the risk managers and decision makers with the information
needed to compare corrected and uncorrected results in the survey unit and correlate the
measured residual radioactivity in the survey unit not only with the DCGL but also with the
comparable measure of background.

Table 4-2 compares the background adjusted survey unit measurement results to the applicable
DCGL. The background adjustment for direct static measurements is made by simply subtracting
the central tendency estimate of the background measurements made over the sampling period
from the comparable central tendency -estimate of the gross, or unadjusted values collected and
recorded in the field (see Section 3.1 for detailed discussion of background correction methods
employed).

Sampling and Survey Report for Building 729 Cluster, Buildings 727, 782, and 783 DOE/Grand Junction Office
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Table 4-1. Comparison of Direct Static Survey Measurements to Applicable DCGLs

Survey Units 727-01 and 727-02
Unadjusted (Gross) Measurements
(dpm/100 cm?)

DCGL Value . . | Log-normal . R
(Total Surface Arithmetic Geometric Median Arithmetic | Log-normal

Contamination Mean Mean ' UCL.s UCLgs

by direct surface
emission) 727-01 | 72702 | 727-04 | 727-02 | 727-01 | 727-02 | 727-01 | 727-02 | 727-01 | 727-02 | 727-01 | 727-02

100dpml100cm2 9.29 {11969 | 6.59 | 18.75| 7.50 | 19.40 | 12.17 | 22.01 | 13.59 | 22.40
300 dpm/100 cm? = — —

Maximum

Survey Units 782-01 and 78202
Unadjusted (Gross) Measurements

(dpm/100 cm’)
DCGL Value . . | Log-normal . .
(Total Surface Arlntnhmetlc Geometric Median Argrcn:rl\etlc Lo%-gtrmal Maximum
Contamination ean Mean 95 95
by direct surface
emission) 782-01 | 782-02 | 782-01 | 782-02 | 782-01 | 782-02 | 782-01 | 782-02 | 782-01 | 782-02 | 782-01 |782-02

100 dpm/100 cm? | 12.68 | 12.13

9.53
300 dpm/100 cm? ’

10.05 | 10.95 | 11.10 | 15.93 | 14.56 | 19.59

16.92

Table 4-2. Comparison of Background Adjusted Direct Static Survey Results to Applicable DCGLs

Survey Units 727-01 and 727-02
Background Adjusted (Net) Measurements *

(dpm/100 cm®)
DCGL Value . . Lognormal . .
(Total Surface An’tnhmetlc Geometric Median Ar::l&rlr_\etlc Lo%-gtrmal Maximum
Contamination ean Mean 95 95
by direct surface
emission) 727-01 | 727-02 | 727-01 | 727-02 | 727-01 | 727-02 | 727-01 | 727-02 | 727-01 | 727-02 | 727-01 | 727-02

100 dpm/100 cm* | 2.69° | 4.92° | 0.31° | 4.52° | 1.22° [ 4.30° | 4.16° [ 4.00° | 5.45°
300 dpm/100 cm®|

Survey Units 782-01 and 782-02
Background Adjusted (Net) Measurements*
(dpm/100 cm’)

DCGL Value . .. | Log-normal
(Total Surface A":nhmet'c Geometric Median UGL
Contamination ean Mean 95

by direct surface
y emission) 782-01 | 782-02 | 782-01 | 782-02 | 782-01 | 782-02 | 782-01 | 782-02 | 782-01 | 782-02 | 782-01 | 782-02

Arithmetic | Log-normal .
UCLos Maximum

0.77°

100 dpm/100 cm? | 5.25° | 0.43° | 4.42° | 0.53° [ 6.13° | 2.78° | 4.88° | -1.13° ] 3.80°

300 dpm/100 cm? e o e 18.7° | 4.00°
Background correcte ues are provided for information. They are well beiow the L values and just slightly above
background.

® The following background values were used to adjust the direct static measurement values:
727-01 727-02 782-01 782-02

Arithmetic Mean = 6.60 14.77 7.42 11.70
Log-normal Geometric Mean =  6.28 14.23 5.11 9.97
Median = 6.28 15.10 4.82 8.32
Arithmetic UCL = 8.01 18.01 11.05 16.69
_Log-normal UCL = 8.14 16.66 15.79 16.15
Maximum = 11.30 22.50 15.80 28.10
DOE/Grand Junction Office Sampling and Survey Report for Building 779 Cluster, Buildings 727, 782, and 783
March 2000 Draft Final Page 4-3
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From the above data, it is evident that the surface contamination as measured by direct surface
emission from the building surfaces in survey units 727-01, 727-02, 782-01, and 782-02 is well
below the DCGLy,. The IVC did not employ a scanning survey method in the independent
verification sampling plan. Rather, the IVC has evaluated the scanning data collected by the
Contractor to determine if the data supports the conclusions reached by the Contractor with
respect to the DCGLgmc. However, it is interesting to note the maximum concentrations
measured using direct static methods as they compare to the DCGLEgmc. The maximum value
measured in survey units 727-01, 727-02, 782-01, and 78202 is substantially below the
DCGLEgwmc and the background adjusted mean concentrations are significantly less. The
independent verification data cannot exclude the possibility that localized concentrations of
surface contamination might exist above the DCGLgpc value. But, given the number of
measurements made, knowledge about the nature of the distribution of the data, and the large
differences between the data metrics and the DCGLEgMmc, it can be inferred that the likelihood of
encountering even moderately sized areas with concentrations exceeding the DCGLgpc is small.

4.1.2 Smear Samples for Removable Surface Contamination

Smear samples are not subject to the influence of background radiation at the site, but the
radiation counting instruments used to assay these samples are subject to background radiation

" levels at the counting laboratory and have inherent instrument backgrounds which are corrected

by the laboratory processing the samples. Since the background corrections performed are not
relevant to the conditions encountered in the survey units, only the background adjusted values
are provided here in Table 4-3. The raw counting data can be referenced in the analytical
laboratory report for the smear samples contained in Appendix C.

Table 4-3. Comparison of Smear Sample Results to Applicable DCGLy,.

Survey Units 727-01 and 727-02
Smear Sample Results

limit is presented for comparative information.

(dpm/100 cm®)
X . Lognormal . .
Arl:nhmetlc Geometric Median Arltlémetlc Lognormal Maximum
DCGL Value ean Mean UCL.s UCL,s
727-01 | 727-02 | 727-01 | 727-02 | 727-01 | 727-02 727-01 | 727-02
20 dpm/100 cm*® |
Removable Surface | <472 | <4.72 | <4.72 [ <4.72 | <4.72 | <4.72 NA NA <4.72 | <4.72
Contamination
Survey Units 782-01 and 782-02
Smear Sample Results
(dpm/100 cm?)
. . Lognormal . .
Al'Ichmetlc Geometric Median Arithmetic | Lognormal Maximum
DCGL Value ean Mean UCLes UCLes
782-01 | 782-02 | 782-01 | 782-02 | 782-01 | 782-02 782-01 | 782-02
20 dpm/100 cm’
Removable Surface | <4-84 | <4.84 | <4.84 | <4.84 | <4.84 | <4.84 NA NA <4.84 | <4.84
Contamination
All 58 smear samples yielded total alpha activity below the detection limit for the analysis. The method detection

Sampling and Survey Report for Building 729 Cluster, Buildings 727, 782, and 783

Page 4-4

Draft Final

DOE/Grand Junction Office

March 2000



o0

Document Number Z00007AA Analysis of Sample Plan Results for Compliance

From the above data, it is evident that the removable surface contamination, as measured by
smear sampling of the surfaces in survey units 727-01, 727-02, 78201, and 782-02, is well -
below the DCGL.

4.1.3 Surface Media Samples

As with smear samples, surface media samples are not subject to the influence of background
radiation at the site, but have been corrected for the background present at the laboratory by the
laboratory processing the samples. Again, since the background corrections performed are not
relevant to the conditions encountered in the survey units, only the background adjusted values
are provided here in Table 4-4. The raw counting data can be referenced in the analytical
laboratory report for the surface media samples contained in Appendix C.

Table 4—-4. Comparison of Surface Media Sample Results to Applicable DCGLs

Survey Units 727-01 and 727-02
Surface Media Sample Results

(dpm/100 cm?)
. .| Log-normal . .
. Arithmetic . . Arithmetic | Log-normal .
DCGL Value Mean Geﬂ'::;"c Median UCLos UCLy; | Maximum
727-01 {727-02 | 727-01 | 727-02 | 727-01 | 727-02 | 727-01 | 727-02 } 727-01 | 727-02 | 727-01 | 727-02
100 dpm/100 cm” _
;g;i:;'g;‘iﬁ?:; 258 | 326 | 251 | 267 | 242 | 315 | 292 | 447 | 289 | 529 | 454 | 8.21
media sample
5,000 dpm/100 cm*®
Tg}gix&ag;’grsf:g:s 44.79 | 52.65 | 37.99 | 28.29 | 40.66 | 60.56 | 57.91 | 72.54 | 65.25 28;'8 12;'3 10;'9
media sample :
Survey Units 782-01 and 78202
Surface Media Sample Results
(dpm/100 cm?)
. . | Log-normal . .
Arithmetic . : Arithmetic | Log-normal N
DCGL Value Mean Geﬁ:‘:{:"" Median UCL,s UCL,; | Maximum
782-01 | 782-02 | 782-01 | 782-02 | 782-01 } 782-02 | 782-01 | 782-02 | 782-01 | 782-02 | 782-01 | 782-02
100 dpm/100 cm®
;g;::;f;i‘l‘l’::; 142 | 132 | 127 | 098 | 116 | 110 | 179 [ 1.79 | 188 | 104 | 268 | 479
media sample
5,000 dpm/100 cm”
Tf:t'ixt?g;‘grsfae;‘:s 50.58 | 26.85 | 48.36 |21.92 | 53.10 | 24.13 | 58.08 | 34.24 | 60.95 | 37.60 | 74.66 | 79.22
media sample

From the above data, it is notable that the maximum total transuranic activity contained on and in
a thin veneer beneath the surface sampled is significantly below the allowable mean value. This
is notable in that, as the maximum total transuranic activity collected within the entire survey
unit, this measurement represents less than 5 percent of the allowable mean value. This data
indicates that it is extremely unlikely that the building contains any added radioactivity and is
considered safe for unrestricted release.

In fact, most of the samples measured for transuranic activity resulted in measured
concentrations below the method detection limit for the analysis. Most of the transuranic activity

DOE/Grand Junction Office
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reported is attributed to americium-241 (Am-241) owing to interference in the energy window
for Am-241 rather than americium activity. (See Appendix C for the method blank data
indicating the activity showing up as Am-241 even when no americium is present.)

The total uranium series activity was consistently measured at concentrations exceeding the
method detection limit even though the concentrations measured were consistently significantly
below the applicable DCGL. The presence of detectable concentrations of uranium series
nuclides does not, however, necessarily indicate that the activity is DOE contributed activity. In
fact, isotopic ratios present in the samples support the position that the uranium series activity is
naturally occurring radioactivity present in the construction materials from which the building
was made. Nonetheless, because a decision was made during sampling plan design to avoid the
need to make reference survey unit comparisons in order to statistically verify this assumption,
all of this activity is herein assumed to be DOE contributed and is compared directly to the
applicable DCGL. Even with this conservative assumption, it is clear that the residual uranium
series activity on and in a thin veneer beneath the surface sampled is well below the DCGL.

4.2 Summary of Field Sampling Data

As evidenced above, each metric—the arithmetic average, logarithmic average, their respective

. UCLys estimates and the median value—is well below the applicable DCGLw concentration

value. Moreover, the maximum value for each data set is well below not only the applicable
DCGLEgmc but also below the DCGLw. Based on the direct static measurements, removable
smears sample results, and surface media sample results collected in the survey units selected for
independent verification (727-01, 727-02, 782-01, and 782-02), there is no evidence of
radiological surface contamination levels exceeding the selected DCGLs.

Thus, the first of the tests of the DQO decision rule—the residual radioactivity must not exceed
the applicable DCGLs—has been verified.

Sampling and Survey Report for Building 729 Cluster, Buildings 727, 782, and 783 DOE/Grand Junction Office
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5.0 Graphic Presentations of the Survey and Sampling Results

Graphics are a powerful and valuable tool used in reviewing the data collected. Graphic
presentations—Normal Probability, Log Probability, and Probability Density Function Plots—
have already been provided in Section 3.0 in support of the determination of the underlying
distribution of each data set. In addition to these graphical treatments of each of the data sets
collected, additional pictorial presentations are provided in Section 6.0 to assist the risk manager
and decision maker in evaluating the data. Each form of graphic presentation provides a unique
perspective or advantage in the data evaluation process.

5.1 Posting Plots—Spatial Contamination Distribution Graphics

Posting plots are presented for visualizing the spatial contaminant distribution within the survey
unit sampled and surveyed by the IVC. Trends in spatial distribution become evident when data
is plotted in this manner. The results of each data set, normalized to units of dpm/100 cm?, are
superimposed over the building surfaces. The walls and ceilings in the building are “unfolded” to
form a contiguous surface segment, as when a cardboard box is unfolded and laid flat. Three
posting plots are provided for each survey unit. One plot, (Figure 5-1) displays the 29 direct
static surface contamination measurements made in survey units 727-01, 727-02, 782-01, and
782-02. The data used to generate these posting plots are “gross” measurements (not corrected
for the mean background of 6.6, 14.8, 7.4, and 11.7 dpm/100 cm?, respectively) to avoid negative
numbers. Figures 5-2 and 5-3 display the surface media sample results from each survey unit for
transuranic and uranium series activities, respectively.

The posting plots confirm that no substantial spatial trends in residual activity are present.
5.2 Histograms—Concentration Distribution Graphics

One of the oldest methods used for analyzing data set distributions is the histogram (or frequency
plot). The data are divided into units, or bins, representing increments of activity. The data set is
than sorted into these bins and the number of data points occurring in each bin (the frequency) is
counted and then plotted using a bar graph. This presentation is designed to provide for visual
means of assessing the symmetry and variability of the data set. When constructed correctly, the
histogram will indicate if the data are skewed and will show the direction of skewness

(EPA 1998). Figures 54, 5-5, 5-6, 5-7, and 5-8 display the histograms (technically frequency
plots) for the background, direct static surface measurement, post-surface media sampling direct
static surface measurement, surface media samples for transuranics, and surface media samples
for uranium data sets, respectively from each survey unit.

~,

N

AN
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INDEPENDENT VERIFICATION FOR THE BUILDING 779 CLUSTER
SURVEY UNIT SAMPLE PLAN

Posting Plot: Direct Static Measurements

SURVEY UNIT 727-01 MAP 10F 1

walt 2
Building 727 14.4
17.6 14.6] Fioor |11.1
Wall 1
40| R 107 4.4
14.6 36 | 247
43 7.2 | wans
Ceiling
(inverted) 31.4
7.§
wall 4
8.9
Building 783 ﬁ" 2
L
8.8 wan1 |17.7 5|0
Floor wall 3
2p 1.9 248
1.9 8.9 o 20.9 1.8
(Soling,, m 20
wans 1.8
v

All values "gross" activity in units of dpm/100 cm2

Figure 5-1. Posting Plot—Direct Static Surface Contamination Measurements

Sampling and Survey Report for Building 779 Cluster, Buildings 727, 782, and 783 DOE/Grand Junction Office
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INDEPENDENT VERIFICATION FOR THE BUILDING 779 CLUSTER
SURVEY UNIT SAMPLE PLAN

Posting Plot: Direct Static Measurements

SURVEY UNIT 727-02 MAP 1 OF 1

Building 727

2.4

12.4 wall2

Building 783

20.6
wall 3

21.1
20.5
21.9

I All values "gross" activity in units of dpm/100 cm2 I

Figure 5~1 (continued). Posting Plot—Direct Static Surface Contamination Measurements

DOE/Grand Junction Office Sampling and Survey Report for Building 779 Cluster, Buildings 727, 782, and 783
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INDEPENDENT VERIFICATION FOR THE BUILDING 779 CLUSTER
SURVEY UNIT SAMPLE PLAN

Posting Plot: Direct Static Measurements

SURVEY UNIT 782-01 MAP 1 OF 2

South
Airlock
Roof
1.2
3.7 1.5
11.0
4.6
8.0
1.3 782 Building Roof 14.9
18.3 North
46 g
7.7 13
8.2
13.8
31.1
34.5 West Wall 24.1
24.1
24.2
12.2
47 £ 14.1%
East Wall

All values "gross” activity in units of dpm/100 cm2

Figure 5-1 (continued). Posting Plot—Direct Static Surface Contamination Measurements
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INDEPENDENT VERIFICATION FOR THE BUILDING 779 CLUSTER
SURVEY UNIT SAMPLE PLAN

Postlng Plot: Direct Static Measurements

SURVEY UNIT 782-01 MAP 2 OF 2

North Wall

PR
ﬁ - South
Airlock -
’ 10.8

South Wind Wall 10.9 D
17 5 D North Wind Wall

South Wail

[ All values "gross" activity in units of dpm/100 cm2 J

Figure 5-1 (continued). Posting Plot—Direct Static Surface Contamination Measurements
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INDEPENDENT VERIFICATION FOR THE BUILDING 779 CLUSTER
SURVEY UNIT SAMPLE PLAN-

Posting Plot: Direct Static Measurements

SURVEY UNIT 782-02 MAP 1 OF 2

1.7
21.5

18.3

1 '1 .
Basement

walt 2 Plenum Area

18.3

walt 1 wall 3

15.0

10.4
24.1 wall 4
20.6
C - 0 {3
P2 P3
South Airlock North Airfock
Walt 2 wait2
Wail t Wall t
12.0 Floor —-I I._ Fioor
Ceiiing wail 3 Ceiling Wall 3
(inverted) Wali 4 (inverted) wall 4
—

All values "gross" activity in units of dpm/100 cm2

Figure 5-1 (continued). Posting Plot—Direct Static Surface Contamination Measurements
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INDEPENDENT VERIFICATION FOR THE BUILDING 779 CLUSTER
URVEY UNIT SAMPLE PLAN

Posting Plot: Direct Static Measurements

SURVEY UNIT 782-02 MAP2OF 2

10.5
3.5
’ 3.4
17.4
19.0
21.0
10.6
17.3
41

11.2

Ceiling

(inverted)

Plenum Area

l All values "gross" activity in units of dpm/100 cm2 I

Figure 5-1 (continued). Posting Plot—Direct Static Surface Contamination Measurements

DOE/Grand Junction Office Sampling and Survey Report for Building 779 Cluster, Buildings 727, 782, and 783
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INDEPENDENT VERIFICATION FOR THE BUILDING 779 CLUSTER
URVEY UNIT SAMPLE PLAN

Posting Plot: Surface Media Samples, Transuranic

SURVEY UNIT 727-01 MAP 1 OF 1

Wall 2
Building 727 2.9
2.1 20 Floor | 2.7
28| pumal 3.8 1.8
2.3 2.9 2.4
4.5 2.4 | Wall3
Ceiling )
(inverted) 2.1
2.4
wall 4
P ey
Building 783 Wall 2 .
L
wail1 | 2.4
Floor Wall 3
. 2.4.
2.1
(lcr:\sie!ir?egd) n
Wall 4
v

I All values "gross" activity in units of dpm/100 cm2 I

Figure 5-2. Posting Plot—Surface Media Samples, Transuranic Activity
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INDEPENDENT VERIFICATION FOR THE BUILDI 779 CLUSTER
SURVEY UNIT SAMPLE PLAN

Posting Plot: Surface Media Samples, Transuranic

SURVEY UNIT 727-02 MAP 1 OF 1

Building 727, ‘ ! !I

Building 783 B
all
Wall 1 Wall 3
Rapf
A
Wall 4
|

I All values "gross" activity in units of dpm/100 cm2 I

Figure 5-2 (continued). Posting Plot—Surface Media Samples, Transuranic Activity
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INDEPENDENT VERIFICATION FOR THE BUILDING 779 CLUSTER

SURVEY UNIT SAMPLE PLAN

Posting Plot: Surface Media Samples, Transuranic

SURVEY UNIT 782-01 MAP 10F 2 .

782 Building Roof

0.78
1.14
1.57 West Wall 0.97
1.04
2.66
1.13
0.54 0.91
East Wall

I All values "gross’

"activity in units of dpm/100 cm2 l

Figure 5-2 (continued). Posting Plot—Surface Media Samples, Transuranic Activity
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INDEPENDENT VERIFICATION FOR THE BUILDING 779 CLUSTER
SURVEY UNIT SAMPLE PLAN

Posting Plot: Surface Media Samples, Transuranic

SURVEY UNIT 782-01 MAP 2 OF 2

North Wall
i South ’
H 5 Airlock 1.6
1.8
South Wind Wall 2.4
1.2 North Wind Wall

0.5

Jom—
148 Nosth f E!
Airlock E i
» 2.7

South Wall

[ All values "gross” activity in units of dpm/100 cm2 I

Figure 5-2 (continued). Posting Plot—Surface Media Samples, Transuranic Activity
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INDEPENDENT VERIFICATION FOR THE BUILDING 779 CLUSTER
SURVEY UNIT SAMPLE PLAN

Posting Plot: Surface Media Samples, Transuranic

| SURVEY UNIT 782-02 MAP 1 OF 2
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0.14

1.583

1.34 .
Basement
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0.39

wall 1 wall 3

1.22
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0.73 Walil 4
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I ] 0O s
P2 "3
South Airlock North Airlock
Wail 2 Wwall 2
Wwalt 1 Wall 1
Fioor Fioor 5
Caeiiing wall 3 Ceiing wail 3
{inverted) Wall 4 (inveried) wal ¢

I All values "gross” activity in units of dpm/100 cm2 I

Figure 5-2 (continued). Posting Plot—Surface Media Samples, Transuranic Activity
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INDEPENDENT VERIFICATION FOR THE BUILDING 779 CLUSTER
SURVEY UNIT SAMPLE PLAN

Posting Plot: Surface Media Samples, Transuranic

SURVEY UNIT 782-02 MAP 2 OF 2 .

0.83
0.37
0.84
0.57
1.56
1.10
0.32
1.43
Ceiling
(inverted)

Plenum Area

All values "gross" activity in units of dpm/100 cm2 I

Figure 5-2 (continued). Posting Plot—Surface Media Samples, Transuranic Activity
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INDEPENDENT VERIFICATION FOR THE BUILDING 779 CLUSTER
SURVEY UNIT-SAMPLE PLAN

Posting Plot: Surface Media Samples, Uranium

SURVEY UNIT 727-01 MAP 1 OF 1

wall 2
Building 727 48
31 27] Floor | 54
34 | wall1 13 40
42 27 39
65 6.8! Wall:ll
Ceiling
(inverted) 40
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Wwall 4
A
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-
L}
wan1 |62
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—N
o
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(fr::?}gir?gd) N
wall 4
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I All values "gross" activity in units of dpm/100 cm2 |

Figure 5-3. Posting Plot—Surface Media Samples, Uranium Series Activity
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INDEPENDENT VERIFICATION FOR THE BUILDING 779 CLUSTER
SURVEY UNIT SAMPLE PLAN

Posting Plot: Surface Media Samples, Uranium

" SURVEY UNIT 727-02 MAP 1 OF 1

Building 727

Building 783 .
all
Wall 1 Wall 3
Rdpf
e
Wall 4
I

MR

|_ All values "gross" activity in units of dpm/100 cm2

Figure 5-3 (continued). Posting Plot—Surface Media Samples, Uranium Series Activity
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INDEPENDENT VERIFICATION FOR THE BUILDING 779 CLUSTER
SURVEY UNIT SAMPLE PLAN

Posting Plot: Surface Media Samples, Uranium

SURVEY UNIT 782-01 MAP 1 OF 2
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Airlock
Roof

782 Building Roof

North
Airlock
Roof

54.48
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All values "gross" activity in units of dpm/100 cm2
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Figure 5-3 (continued). Posting Plot—Surface Media Samples, Uranium Series Activity
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INDEPENDENT VERIFICATION FOR THE BUILDING 779 CLUSTER
SURVEY UNIT SAMPLE PLAN

Posting Plot: Surface Media Samples, Uranium

SURVEY UNIT 782-01 MAP 2 OF 2
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38.4 '
South Wind Wall
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Figure 5-3 (continued). Posting Plot—Surface Media Samples, Uranium Series Activity
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INDEPENDENT VERIFICATION FOR THE BUILDING 779 CLUSTER
SURVEY UNIT SAMPLE PLAN

Posting Plot: Surface Media Samples, Uranium

SURVEY UNIT 782-02 MAP 10F 2
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Figure 5-3 (continued). Posting Plot—Surface Media Samples, Uranium Series Activity
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Graphic Presentations of the Survey and Sampling Results

INDEPENDENT VERIFICATION FOR THE BUILDING 779 CLUSTER
SURVEY UNIT SAMPLE PLAN

Posting Plot: Surface Media Samples, Uranium

SURVEY UNIT 782-02 MAP 2 OF 2
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Figure 5-3 (continued). Posting Plot—Surface Media Samples, Uranium Series Activity
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Figure 5-4. Histogram—Instrument Background Measurements, 727-01
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Figure 5~4 (continued). Histogram—Instrument Background Measurements, 727-02
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Figure 5-4 (continued). Histogram—Instrument Background Measurements, 782-01
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Figure 5~4 (continued). Histogram—Instrument Background Measurements, 782-02
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Figure 5-5. Histogram—Direct Static Surface Contamination Measurements, 727-01
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Figure 5-5 (continued). Histogram—Direct Static Surface Contamination Measurements, 727-02

Sampling and Survey Report for Building 779 Cluster, Buildings 727, 782, and 783

Page 5-22

DOE/Grand Junction Office
Draft Final March 2000



Document Number Z00007AA Graphic Presentations of the Survey and Sampling Results

14 120.00%

2 4
! + 100.00%

+ 40.00%
V I N
" ; . — .00%
21 28 35 More

"Gross Activity”
(dpm/100 cm?)

| mmmFrequency  ——Cumulative % |

10 4

Frequency .

Figure 5-5 (continued). Histogram—Direct Static Surface Contamination Measurements, 782-01
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Figure 5-5 (continued). Histogram—Direct Static Surface Contamination Measurements, 782-02
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Figure 5-6. Histogram—~Post Surface Media Sampling Direct Static Surface Measurements, 727-01
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Figure 5-6 (continued). Histogram—~Post Surface Media Sampling Direct Static Surface Measurements,
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782-02 ‘
DOE/Grand Junction Office Sampling and Survey Report for Building 779 Cluster, Buildings 727, 782, and 783
March 2000 Draft Final Page 5-25



\

C<g

v

Graphic Presentations of the Survey and Sampling Results

Documeht Number ZOOOO?AA

Frequency
-]

Frequency

16

120.00%

144

12 4

10 ¢+

+ 100.00%

{ 60.00%

+ 40.00%

| 20.00%

.00%

Activity
(dpm/100 cm?)

l-Fraquency —&— Cumulative % }

Figure 5-7. Histogram—Surface Media Samples, Transuranic Activity, 727-01
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Figure 5-7 (continued). Histogram—Surface Media Samples, Transuranic Activity, 782-01
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Figure 5-7 (continued). Histogram—Surface Media Samples, Transuranic Activity, 782-02
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Figure 5-8. Histogram—Surface Media Samples, Uranium Series Activity, 727-01
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Figure 5-8 (continued). Histogram—Surface Media Samples, Uranium Series Activity, 727-02
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Figure 5~-8 (continued). Histogram—Surface Media Samples, Uranium Series Activity, 782-01
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Each of the histogram plots provides evidence of left shifted skewness in the data set with most
data clustered around a non-discrete central concentration which is substantially below the
applicable DCGL. This distribution and skewness is typical of environmental radioactivity data
and supports the conclusion that the data distributions are best estimated by the log-normal
distribution for the most part.

5.3 High-Low Graphs—Data Variability Graphics

A key element in the evaluation of the sampling and survey data is the variation within the data
set. As the data variability increases, the ability of the risk manager to confidently make
decisions about the true state of radiological contamination in the survey unit or building in
relation to the applicable DCGL and null hypothesis decreases. When variability is small (or
excessively large) relative to the difference between the mean and the DCGL, the risk managers
can be confident in the decisions made using the data set provided. When evaluating data
variability, it is important to know, first, that the data set contains a sufficiently large sample
population (number of measurements). Retrospective power curves, demonstrating the “power”
of the sign test to reject the null hypothesis with the actual sample size collected, are presented in
Section 8.0. High-Low graphs are simple presentations showing the range between the upper and
lower 95 percent confidence intervals about the geometric mean. Figures 5-9, 5-10, and 5-11
depict the variability observed in each type of data analyzed.

The pattern of a comparatively low central tendency, and small measure of data variability in
each of the data sets presented provide substantial evidence that the estimates of the true mean
residual radioactive concentrations presented are below the DCGLs. No DCGL is included in the
95 percent confidence intervals about the mean. The lack of significant variability in any of the
data sets is also indicative of a lack of discretely distributed activity (supporting the conclusions
of the posting plots above) and excellent precision in the analytical methods employed in the
sampling and measurements processes. By presenting the three data sets made with the same
instruments and procedures (background, direct static measurements, and post-surface media
sampling direct static measurements), it is also evident that they report essentially equivalent
measures of activity. In other words, the best estimates of surface activity as measured by direct
surface emission are statistically indistinguishable from background.

Other visual presentations of the data are possible and may have been indicated if the data sets
available were less robust than they actually are. However, the graphic treatment of the data
presented here and in other sections is sufficient to enable the risk managers and decision maker
to make confident determinations respecting the data.
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Figure 5-9. High-Low Graphs—Direct Static Surface Measurements, 727-01
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Figure 5-9 (continued). High-Low Graphs—Direct Static Surface Measurements, 727-02
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Figure 5-9 (continued). High-Low Graphs—Direct Static Surface Measurements, 782-01
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Figure 5-9 (continued). High-Low Graphs—Direct Static Surface Measurements, 782-02
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Figure 5-10. High-Low Graphs—Surface Media Samples, Transuranic Aclivity, 727-01
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Figure 5-10 (continued). High-Low Graphs—Surface Media Samples, Transuranic Activity, 727-02
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Figure 5-10 (continued). High-Low Graphs—Surface Media Samples, Transuranic Activity, 782-01
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Figure 5-10 (continued). High-Low Graphs—Surface Media Samples, Transuranic Activity, 782-02
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Figure 5-11. High-Low Graphs—Surface Media Samples, Uranium Series Activity, 72701
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Figure 5-11(continued). High-Low Graphs—Surface Media Samples, Uranium Series Activity, 782-01

Comparison of Data Set Variablity

1000
Ng 800

e LCL

'é 400 .GM
S 200

0 L *
Uranium Series Nuclides
Data Subset

Figure 5~11(continued). High-Low Graphs—Surface Media Samples, Uranium Series Activity, 782-02
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6.0 Quality Control Sampling Results and Analysis

An important aspect of any sampling plan is the effort made to assure the quality of data
collected. The independent verification process as a whole is a quality assurance method in itself.
Thus, it was critical to assure the quality of all of the independent verification data through
quality checks and controls, calibrations, training, and qualification of laboratories and services
used. The objective of independent verification for the Building 779 Cluster final status
radiological surveys, added an element of quality assurance to the design of the sampling
evolution. In addition to designing quality checks and controls into the independent verification
sampling, the IVC provided for quality control checks to assess the quality of the Contractor’s
data.

The IV SAP distinguished these two principle quality control objectives in the design of the
sampling plan. Stage I quality control sampling was designed to assess the quality of the data
collected by the Contractor. Stage II quality control sampling was designed to assess the quality
of the data collected by the IVC. In each case where QC samples were used, either for Stage I or
Stage II sampling, the samples were maintained under chain-of-custody control from the time
they were prepared until they were introduced to either the Contractor’s or IVC’s sample batch.
Tamper seals and locked storage were employed when samples were not in the physical custody
of the IVC’s Field Team Leader.

The IV SAP specifies quality control sampling to be performed over the duration of the Final
Status Survey performance for all survey units in the Building 779 Cluster rather than for each
specific building. This report, specific to Buildings 727, 782, and 783, does not contain every
element of QC data planned for the cluster of buildings as a whole. The costs associated with
implementing separate QC sampling for each building in the 779 Cluster was determined to be
prohibitive and unnecessary. Instead, a cumulative assessment and presentation of quality control
data is presented with each successive Independent Verification Report of the Contractor’s Final
Status Survey.

This section of the report presents the quality control data collected and measures employed to
assure that quality objectives in the design of the sampling plan were achieved. Section 7.0
assesses the overall data quality against the published or industry accepted data quality
indicators.

6.1 Stage I—Independent Quality Control of the Contractor’s Sampling

6.1.1 Smear Samples

The IVC provided smear samples to the Contractor for measurement and analysis by the
Contractor’s selected instrumentation and methods. An unopened package of smear sample
media was obtained from the Contractor prior to the start of the independent verification of
Buildings 727, 782, and 783. The IVC assigned a series of these as “blanks™ and spiked a second
series of smears with three different concentrations of an alpha emitting transuranic nuclide (one
which is part of the nuclide mix identified as a contaminant of concern for the 779 Cluster).

The spikes were not certified as containing traceable concentrations of the nuclide added. Thus,
the spikes do not provide a measure of accuracy directly. Accuracy is established for the
instrument measuring the activity on the smears by the RFETS (or contract laboratory, if used)
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calibration and analysis procedures. Instead, the spikes serve to provide a comparison between
the results achieved by the Contractor and those achieved by the IVC.

The blank smears test the ability of the counting instrument used to distinguish between
background and added activity as well as the ability of the counting technician and sample
handling process to prevent cross-contamination.

The IVC introduced 20 blank smears and 21 spiked smears into the Contractor’s smear sampling
batch during the final status survey of the Building 779 Cluster. The QC samples were packaged
and identified exactly as the Contractor’s procedure dictated. Because the Contractor used the
same technician to collect and analyze the smear samples they collected, it was not possible to
present a double blind set of QC samples. He would know when samples other than those he
personally collected were introduced. They were presented as a single blind set of QC samples.
The Contractor’s counting technician was not aware of the objective of the samples, nor the fact
that some were blanks and some were spikes.

The blank smears were prepared by wiping a clean, unaffected, and uncontaminated surface.
Each was then packaged individually, assigned a unique QC sample number, and physically
controlled to ensure custody and integrity. The spiked smears were prepared by pipetting liquid
standard concentrations onto a smear filter disc. ‘

Spiked smears were prepared with three different quantities of radioactivity to provide a range of
gross alpha radioactivity concentrations over the range expected to be encountered in the Final
Status Survey. This range is necessarily small and near zero for a Final Status Survey.

The QC samples provided to the Contractor were measured and reported to the IVC. Table 6-1
provides a crosswalk between the IVC and Contractor assigned sample numbers and presents a
summary of the results obtained by the Contractor and the GJO Analytical Laboratory which
establishes a cumulative cross comparison as a measure of the relative accuracy of the
instruments and methods employed.

From Table 61, it is seen that all but one of the 20 blank smears returned results indicating no
detectable radioactivity or activity less than the reported MDA. As reported in the IVC Sampling
and Survey Report, Building 729 (DOE 1999b), sample #2C was identified by the Contractor as
having 4.5 dpm/100 cm?. '

Each of the 21 spiked smear samples yielded measurable radioactivity. The 21 spiked activities
were differentiated from one another in the Contractor’s assay. Yet, samples #6C, #13C, and
#16C were reported to have activity below the MDA for the method. As reported in the IVC
Sampling and Survey Report, Building 729 (DOE 1999b), this might be caused by too short of a
counting time (background, sample, or both) to adequately distinguish between background and
low-level activity. Smears #6C and #13C were spiked to the lowest concentration of the three
and were expected to return the lowest measurement of activity among the three. Likewise, the
highest spiked activity returned the highest measurement of activity among the three. Another
possible explanation for the lower than expected result on these smear samples is in the method
used to prepare the spiked samples. As mentioned earlier, a liquid standard containing an alpha
emitting transuranic nuclide was pipetted onto the smear and then allowed to dry. It is likely that
a significant fraction of the total activity deposited migrated to a depth in the smear matrix that
the activity was attenuated by the sample media itself.
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Table 6-1. Results of the Contractor's Assay of QC Smear Samples Provided by the IVC

ivC Contractor Sample Contractor ivC Contractor IvC
Sample | Assigned Type Reported Reported Reported Reported

iD# | SampleD# | 'YP® | MDA (dpm) | MDA (dpm) | Results (dpm) | Results (dpm)
NED428 1C Blank 4.1 s 0.0 s
NED429 2C Blank 4.1 s 45 8
NED430 3C Blank 4.1 & 0.0 2
NDL431 4C Blank 10.3 8 0.3 8
NED432 5C Blank 8.5 ¢ -0.6 s
NDL289 6C Spike 4.1 & 1.5 @
NDL290 7C Spike 8.5 5.3 8.9 241
NDL291 8C Spike 41 8 28.5 '
NDL292 9C Spike 8.5 54 30.9 54.8
NDL293 10C Spike 4.1 s 30.9 ®
NDL294 12C Spike 10.3 55 52.9 96.5
259740 42C Blank 8.5 4.9 -0.6 1.1
259741 43C Blank 8.5 4.9 -0.6 0.3
259742 44C Blank 8.5 49 -06 03
259743 45C Blank 7.5 4.8 0.9 1.1
259744 46C Blank 75 49 0.9 0.3
259745 47C Blank 7.5 49 -0.6 0.3
259746 48C Blank 75 49 0.9 0.3
259747 49C Blank 7.5 49 0.9 -0.4
259748 50C Blank . 8.8 49 0.0 0.3
259749 66C Blank 8.8 49 0.0 0.3
259750 67C Blank 8.8 49 0.0 0.3
259751 68C Blank 8.8 49 0.0 0.3
259752 69C Blank 8.8 5.0 1.5 -0.5
259753 70C Blank 8.8 49 15 03
259754 81C Blank 8.8 49 1.5 1.9
259770 13C Spike 8.5 49 6.9 7.3
259771 14C Spike 8.5 5.0 12.9 12.0
259772 16C Spike 7.5 49 8.4 12.8
259773 16C Spike 7.5 5.0 3.9 20.6
259774 17C Spike ' 7.5 5.0 12.9 12.8
259775 18C Spike 8.5 ; 5.0 234 315
259776 18C Spike 10.3 5.1 27.3 38.4
259777 20C Spike 8.8 5.0 19.7 36.9
259778 21C Spike 8.8 5.0 348 322
259779 22C Spike 8.8 5.0 303 26.8
259780 28C Spike 10.3 52 73.9 96.8
259781 29C Spike 10.3 5.2 84.4 96.1
259782 30C Spike 8.8 54 87.9 ' 87.4
259783 26C Spike 8.8 5.3 75.8 94.5
259784 27C Spike 8.8 5.3 77.3 76.5
* Smear samples were disposed of by the Contractor before being counted by the GJO Analytical Laboratory.
The Contractor counted the smears with an Eberline model SAC-4 alpha smear counters (serial #1069, 1406, and 814). The
measured background was 0.2, 0.4, and 0.3 cpm respectively. The efficiency was established at 33.3 percent.
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6.1.2 Surface Media Samples

A total of 23 Stage I and 23 Stage II surface media QC samples have been analyzed for a
cumulative comparison. Surface Media QC samples were made in duplicate (one to be
introduced in the Contractor’s sample batch and the other in the IVC’s sample batch). Before
being introduced by either the Contractor or IVC, they are analyzed by the GJO Analytical
Laboratory. A comparison of results between the initial count by the GJO Analytical Laboratory,
the Contractor’s Laboratory, and the GJO Analytical Laboratory when the QC sample was
recounted when introduced with the IVC sample batch is presented in Table 6-2.

Identification numbers assigned to samples provided to the Contractor on October 9, 1999
(samples 259868 — 259872) were incorrectly transferred as Contractor ID #s 99R0317-021,
99R0317-022, 99R0317-018, 99R0317-019, and 99R0317-020, respectively. Samples

259868 — 259872 should have been transferred as 99R0317-018, 99R0317-019, 99R0317-020,

99R0317-021 and 99R0317-022, respectively. Analytical results are correctly matched to the
corresponding sample identification number in Table 62 of this report.

Table 6-2. Results of the Contractor's Assay of QC Surface Media Samples Provided by the IVC

Pu-
Surface Media Sample | AM241 | PU238 | 5391249 u-234 u-235 U238
PCilg

GJO Lab ID# 259851 0.01 0.02 0.03 0.56 0.07 0.53
IVC ID# MEDO0000213 0.01 0.01 0.02 0.55 0.04 0.56
Contractor ID# | 99A9022-019 0.12 @ 0.13 0.68 0.14 0.39
GJO Lab ID# 259852 0.03 0.03 0.02 0.81 0.05 0.77
IVC ID# MEDO0000162 0.03 0.02 0.02 0.88 0.06 0.75
Contractor ID# | 99A8940-019 0.04 8 0.05 0.59 0.03 0.80
GJO Lab ID# 259853 0.24 0.01 0.51 207 0.09 2.04
IVC ID# MEDO0000163 0.29 0.02 0.49 2.26 0.13 212
Contractor ID# | 99A8940-020 0.28 8 0.69 1.78 0.19 214
GJO Lab ID# 259854 0.30 0.01 0.46 0.71 0.04 0.76
IVC ID# MEDO0000214 0.30 0.01 0.35 0.62 0.04 0.66
Contractor ID# | 99A9009-020 0.09 8 0.54 0.41 -0.01 0.38
GJO Lab ID# 259855 0.18 0.04 0.37 0.53 0.04 0.54
IVC ID# MEDO0000271 0.20 0.04 0.39 0.36 0.06 0.49
Contractor ID# | 99A9009-019 0.28 a 0.35 0.28 -0.01 0.33
GJO Lab ID# 259856 0.21 0.02 0.34 0.99 0.05 0.86
IVC ID# MEDQ000243 0.17 0.01 0.35 0.71 0.06 0.87
Contractor ID# | 99A9460-021 0.20 & 0.36 0.69 0.02 1.08
GJO Lab ID# 259857 0.31 0.01 043 0.99 0.08 0.89
IVC ID# MEDO0000200 0.18 0.02 0.33 0.88 0.05 0.90
Contractor ID# | 99A9460-022 0.16 8 0.26 0.80 -0.01 0.76
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Table 6-2 (continued). Results of the Contractor's Assay of QC Surface Media Samples

-y Tn IS N BE .- aEs

Provided by the IVC
‘ Pu-
Surface Media Sample Am-241 | Pu-238 239/240 U-234 U-235 U238
PCiig

GJO Lab ID# 259858 0.83 0.02 1.40 1.31 0.08 1.30
IVC ID# MEDO000180 0.78 0.02 1.43 1.56 0.06 1.34
Contractor ID# | 99A8460-023 0.63 8 1.16 1.03 0.09 1.04
GJO Lab 1D# 259859 0.82 0.02 1.66 1.40 0.05 -1.33
IVC ID# MEDO0000189 0.91 0.02 1.70 1.34 0.06 1.34
Contractor ID# | 99A8460-024 0.83 8 1.74 1.56 0.06 1.30
GJO Lab ID# 259860 0.55 0.02 1.23 0.83 0.07 0.68
VC ID# MEDOQ000215 1.37 0.02 1.11 0.71 0.04 0.72
Contractor ID# | 99A9460-025 0.72 # 092 0.57 -0.01 0.44
GJO Lab ID# 259861 1.12 0.01 2.36 1.02 0.06 1.03
IVC ID# MEDQ000164 1.21 - 0.01 1.97 0.95 0.04 0.95
Contractor ID# | 99A9460-026 0.80 a 2.21 0.67 0.05 0.62
GJO Lab ID# 259862 0.49 0.03 0.78 1.42 0.07 1.18
IVC ID# MEDO0000216 0.60 0.03 1.05 1.67 0.11 1.62
Contractor ID# | 99A9460-027 0.29 & 0.53 147 0.03 1.05
GJO Lab ID# 259863 1.00 0.08 1.50 0.9 0.10 1.04
IVC ID# MEDO0000217 1.33 0.02 240 0.83 0.08 0.78
Contractor ID# | 99A9460-028 1.08 8 2.31 0.57 0.02 0.58
GJO Lab ID# 259864 1.71 0.04 3.08 0.58 0.10 047
IVC \D# MEDO0000165 1.65 0.01 299 0.58 0.04 0.56
Contractor ID# | 99A8460-029 1.66 8 3.41 0.52 0.03 0.32
GJO Lab ID# 259865 0.20 0.03 0.66 1.40 0.13 1.03
IVC 1D# MED0000244 0.10 0.01 0.24 1.21 0.01 0.85
Contractor ID# | 99A9460-030 0.76 8 1.20 0.88 -0.00 0.84
GJO Lab ID# 259866 1.27 0.04 2.60 0.59 0.09 0.38
IVC ID# MEDOQ000451 1.21 -0.00 244 0.51 0.05 0.48
Contractor ID# | 99R0317-016 1.10 8 1.72 0.68 0.06 0.65
GJO Lab ID# 259867 1.15 0.05 2.46 1.63 0.11 1.64
IVC ID# MEDO0000272 0.66 0.02 2.08 1.22 0.06 1.16
Contractor ID# | 99R0317-017 0.80 8 261 1.52 0.24 1.27
GJO Lab ID# 259868 117 0.02 3.28 0.64 0.08 0.64
IVC ID# MED0000166 0.69 0.02 1.69 0.53 0.04 0.49
Contractor ID# | 99R0317-021 0.75 a 1.32 0.57 0.16 0.75
DOE/Grand Junction Office Sampling and Survey Report for Building 779 Cluster, Buildings 727, 782, and 783
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Table 6-2 (continued). Results of the Contractor's Assay of QC Surface Media Samples

Provided by the IVC
Pu- :
- - U234 | U-235 U238
Surface Media Sample | A™241 | Pu-238 | 5391240
PCilg

GJO Lab ID# | 250869 339 0.04 527 0.56 0.07 061
IVC ID# B MEDO0000452 4.70 -0.01 10.94 0.79 0.05 0.57
Contracior ID¥ | 99R0317-022 | 3.11 s 6.01 0.45 0.03 0.67
GJO Lab IDF | 256870 202 5.0 859 163 011 160
VC ID# MEDO000273 7.08 0.02 11.93 1.64 0.07 1.49
Contractor ID# [ 99R0317-018 5.03 8 a 1.41 0.32 1.77
GJO Lab ID# 259871 8.73 0.05 16.32 2.02 0.09 1.84
C ID# MED0000218 | 7.30 0.01 1202 163 011 1.66
Contracior ID# | 99R0317.018 | 6.90 a 14.2 241 0.6 2.30
GJO Lab IDF | 250672 12.48 0.04 28.93 244 0.10 228
VC ID# MED0000245 | 13.38 0.04 2622 232 013 2.06
Contractor IDF | G9R0317.020 | 14.20 s 22.20 250 0.19 242
GJO Lab ID# | 250873 3.90 0.06 662 158 5,10 165
WC ID# MEDO0000274 3.30 0.01 6.78 1.61 0.45 1.41
Contradtor IDF | G9A0022-020 | 5.02 s 828 114 0.76 183

“The Contractor did not analyze for this radionuclide.

6.1.3 Direct Surface Emission Measurements

The Contractor and the IVC chose to utilize the same response check source to test the response
of instruments used to make direct surface emission measurements (Table 6-3). This enabled the
comparison of routine instrument response checks using the same isotope, geometry, and
activity. Three instrument systems were employed to make direct surface emission
measurements during the Final Status Survey of Buildings 727, 782, and 783. The Contractor
employed a subcontractor, Millennium Services, who used a proprietary system (SCM/SIMS)
developed by Shonka Research Associates to perform the scan surveys. The SCM is
fundamentally a gas proportional counter and the SIMS is the survey information management
software. The Contractor also used a NE Electra with a DP-6 dual phosphor scintillation probe to
make direct static surface measurements for comparison with the DCGLy. The IVC used the
Eberline model E-600 multi-purpose survey instrument with a HP-100 gas proportional probe.

Table 6~-3. Comparison of Response of Instruments Used to Make Direct Surface Measurements

Millennium NE Electra w/ EberlineE-600
Parameter SCM/SIMS DP-6 w/HP-100

Number of Measurements 20 20 20

27 Source Surface Emission Rate 1604 1604 1604
Mean Activity Observed 1315 1261 1302
Standard Deviation 280 83 53

Coefficient of Variation 0.22 0.07 0.04
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6.2 Stage II—Quality Control of the Independent Verification Sampling

Stage II QC sampling is associated specifically with the IVC’s field sampling and serve to
establish confidence in the independent verification sampling results rather than correlate them
with the Contractor’s results.

6.2.1 Smear Samples

The IVC provided smear samples to the GJO Analytical Laboratory for measurement and
analysis. Smear sample media was reserved by the IVC prior to the start of the independent
verification of Buildings 727, 782, and 783. A series of these were assigned as “blanks” and a
second series of smears was spiked with three different concentrations of an alpha emitting
transuranic isotope of the nuclide mix identified as a contaminant of concern for the 779 Cluster.

As with the spikes prepared for the Contractor, the spikes were not certified as containing
traceable concentrations of the nuclide added. Thus, the spikes do not provide a direct measure
of accuracy. Instead, the spikes serve to provide a measure of confidence in the laboratory’s
ability to detect radioactivity and to establish a basis for subsequent comparison between the
results achieved by the Contractor and those achieved by the IVC.

The IVC introduced seven blank and five spiked smears into the smear sampling batch during
the independent verification survey of survey units 727-01, 727-02, 782-01, and 782-02. The
entire batch of smears was then provided to the GJO Analytical Laboratory. The QC samples
were packaged and identified exactly as those samples collected in the survey unit and were not
distinguishable to the analyst. Because the IVC used an independent laboratory to assay smears,
and because the technician collecting the field smears was not involved with preparing, handling,
or counting smears, it was possible to present the QC samples along with the field samples as a
double blind set.

The blank smears were prepared by wiping a clean, unaffected, and uncontaminated surface. It
was then packaged individually, assigned a unique QC sample number, and physically controlled
to ensure custody and integrity. The spiked smears were prepared by pipetting liquid standard
concentrations onto a smear filter disc.

Spiked smears were prepared with three different quantities of radioactivity to provide a range of
gross alpha radioactivity concentrations over the range expected to be encountered in the
Independent verification of the Final Status Survey. The range was, again, small and near zero.
The QC samples provided to the IVC’s laboratory were measured and reported to the IVC
(Appendix F). Table 64 provides a crosswalk between the IVC and GJO Analytical Laboratory
assigned sample numbers and presents a summary of the cumulative results obtained by the
laboratory.

From Table 64 it is seen that each blank smear returned results indicating no detectable
radioactivity in excess of the method detection limit. Each spiked smear sample except

sample 259759 yielded measurable radioactivity. They were differentiated from one another and
the lowest result corresponded to the smear with the lowest spiked concentration while the
highest result corresponded to the smear with the highest spiked concentration. The initial
laboratory measurement of sample 259759 was 5.75 dpm with a counting error of 4.48 dpm. It is

DOE/Grand Junction Office Sampling and Survey Report for Building 779 Cluster, Buildings 727, 782, and 783
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Table 6—4. Results of the GJO Analytical Laboratory Assay of QC Smear Samples Provided by the IVC

IVC QC IVC Transfer | Laboratory Assigned | Sample | Reported Results (Gross a, dpm)*
Sample ID# Sample ID# Sample ID# Type MDA Measured Activity
NDL 290 SMR0000260 263395 - Spike 5.33 2405
NDL 292 SMR0000261 263396 Spike 5.41 54.84
NDL 294 SMR0000262 263397 Spike 5.49 96.51
NDL 295 SMR0000593 258235 Spike 5.17 5.68
NDL 296 SMR0000168 261284 Spike 4.88 5.00
NDL 297 SMR0000592 258234 Spike 5.19 156.81
NDL 298 SMR0000169 261285 Spike 5.00 18.98
NDL 299 SMR0000591 258233 Spike 5.35 53.92
NDL 300 SMR0000170 261286 Spike 5.1 41.54
SMR0000594 SMR0000594 258236 Blank 5.13 0°
SMR0000595 SMR0000595 258237 Blank 5.17 0°
SMR0000596 SMR0000596 258238 Blank 5.11 0°
259725 SMR0000167 261283 Blank 4.88 0°
259726 SMR0000166 261282 Blank 4.91 0
259727 SMR0000165 261281 - Blank 4.9 0°
259728 SMR0000591 263362 Blank 5.30 0°
259729 SMR0000592 263363 Blank 5.34 0°
259730 SMR0000264 264867 Blank 4.67 0°
259731 SMR0000451 264942 Blank | 462 0°
259732 SMR0000452 264943 Blank 465 0
259733 SMR0000598 263827 Bilank 473 0°
259734 SMR0000599 263828 Blank 4.66 0°
259735 SMR0000454 264974 Blank 4.66 0°
259736 SMR0000455 264975 Blank 4.65 0°
259737 SMR0000456 . 264976 Blank 468 0°
259738 SMR0000599 261638 Blank 4.91 0°
259739 SMR0000453 264944 Blank 4.66 0°
259755 SMR0000164 261280 Spike 488 5.77
259756 SMR0O000598 | 261639 Spike 4.97 7.30
259757 SMR0000597 261640 Spike 4.91 6.55
259758 SMR0000596 261641 Spike 4.91 7.33
259759 SMR0000263 264837 Spike 462 0°
259760 .| SMR0000262 264836 Spike 4.79 26.62
259761 SMR0000163 261279 Spike 4.86 23.71
259762 SMR0000266 264869 Spike 4.82 14.02
259763 - SMR0000593 263364 Spike 5.39 25.85
259764 SMR0000594 263365 Spike 5.46 41.23
259765 SMR0000595 263361 Spike 5.39 35.82
259766 SMR0000265 264868 Spike 4.84 46.17
259767 SMR0000261 264835 Spike - 4.79 38.66
259768 SMRO0000597 263826 Spike 4.93 52.04
259769 SMR0000162 261278 Spike 5.13 56.34
*The analytical report presented results in pCi per sample. The results have been converted to dpm for presentation in this table. Since
the smears were coilected over a 100 cm” area, the results in dpm are equivalent to dpm/100 cm?.
*The laboratory formally reported values as less than the detection limit (<MDA) but provided the raw supporting data in the complete
analytical report. Each of the blank QC samples resulted in a negative net count rate.
The GJO Analytical Laboratory counted the smears with a Canberra low background automated scaler, model 2404 smear counter.
The measured background was 0.097 cpm over 60 minutes. Sample count time was 6 minutes. The alpha efficiency was established
at 21.39 percent. :
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likely that a significant fraction of the total activity deposited migrated to a depth in the smear
matrix that the activity was attenuated by the sample media itself.

Again, no statement can be made about the accuracy of the results reported by the IVC’s -
laboratory subcontractor but results were in line with those expected. The fact that the GJO
Analytical Laboratory apparently used longer counting times than did the Contractor when
measuring smears adds weight to the possibility that insufficient counting time may be at the root
of the disparity in the results on QC smear samples reported by the Contractor.

As reported in the IVC Sampling and Survey Report, Building 729 (DOE 1999b) several smear
samples submitted to the GJO Analytical Laboratory and to the Contractor were disposed of by
the laboratories before they could be collected and provided to the other laboratory for a cross
comparison of laboratory measurements. To remedy this situation, measured sets of QC samples
(one for the Contractor and the other for the IVC) were prepared by the GJO Analytical _
Laboratory and were introduced to the Contractor’s and IVC’s sampling protocol. This provided

a cumulative cross comparison of the relative accuracy of the instruments and methods employed
to assay smears.

Aside from the QC measures interjected by the IVC blind to the laboratory, the independent

-verification sampling benefits from the internal quality control applied to the measurement

process within the laboratory. Three measurement quality controls are employed for each batch
of smears. The laboratory inserts a preparation blank (PB), a laboratory control sample (LCS)
and a continuing calibration verification (CCV) for each batch of 21 smears. In this case, because
each batch was larger than 21 smears, eight sets of laboratory initiated QC measurements were
made. Table 6-5 summarizes the internal QC measurements made for the smears from survey
units 727-01, 727-02, 78201, and 782-02.

The internal QC data presented in Table 6-5 shows excellent agreement with the results
expected. :

6.2.2 Surface Media Samples

Stage II QC samples for the surface media sample sets are presented in Table 6-2. In addition to
the Stage II QC samples, the IVC’s laboratory performed internal quality control measurements
to assess the quality of the data produced. Three measurement quality controls were employed
for each of the three element groups (Am, Pu, U) processed for each survey unit. The laboratory
inserted one PB, one LCS, and processed a duplicate of one randomly selected field sample for
each sample batch. In all, there were 15 PB, 15 LCS, and five duplicate measurements made.
Table 6—6 summarizes the PBs QC measurements made. Table 67 summarizes the LCS
measurements and Table 68 presents the duplicate sample measurements. A regression analysis
of the cumulative laboratory measurements was performed to assess the comparability between
the first and duplicate measurements and is graphically presented in Figure 6-1.
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Table 6-5. Results of the IV Laboratory Intemél QC Measurements for Smear Samples

Expected Results [ MDA | Measured Activity

QC Sample Type {Gross a, dpm)
Preparation Blank <MDA 464 0.33
Preparation Blank <MDA 4.64 -0.42
Preparation Blank <MDA 4.66 -0.42
Preparation Blank <MDA 468 -0.42
Preparation Blank <MDA 4.84 7.79°
Preparation Blank <MDA 4.7 -0.44
Preparation Blank <MDA 4.66 -0.42
Preparation Blank : <MDA 4.64 0.33
Laboratory Control Sample 475 8.57 423
Laboratory Control Sample 475 8.46 419
Laboratory Control Sample 475 8.37 440
Laboratory Control Sample 475 8.44 410
L.aboratory Control Sample 475 8.19 454
Laboratory Control Sample 475 8.68 448
Laboratory Control Sample 475 8.52 451
Laboratory Control Sample 475 8.57 423
Continuing Calibration Verification 2,220 2227 2,182
Continuing Calibration Verification 2,220 22.04 2,210
Continuing Calibration Verification 2,220 22.00 2,265
Continuing Calibration Verification 2,220 22.02 2,221
Continuing Calibration Verification . 2,220 22.24 2,343
Continuing Calibration Verification 2,220 22.27 2,294
Continuing Calibration Verification 2,220 22.36 2,165
Continuing Calibration Verification 2,220 22.27 2,182
The analytical report presented results in pCi per sample. The results have been converted to dpm for
presentation in this table. Since the smears were collected over a 100 cm? area, the results in dpm are
equivalent to dpm/100 cm?.
® The uncertainty of this measurement is + 5.04 dpm.

Sampling and Survey Report for Building 779 Cluster, Buildings 727, 782, and 783 DOE/Grand Junction Office
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Table 6~6. Results of the 1V Laboratory Internal Blank QC Measurements for Surface Media Samples

Preparation Blank QC Sample (PB) Expected Results | MDA | Measured Activity
dpm / sample
Am-241 <MDA 0.02 0.04°
Am-241 <MDA 0.01 0.03°
Am-241 <MDA 0.04 0.03
Am-241 - <MDA 0.04 0.07°
Am-241 <MDA 0.03 0.03
Pu-238 <MDA 0.03 0.01
Pu-238 <MDA 0.02 -0.003
Pu-238 <MDA 0.04 -0.004
Pu-238 <MDA 0.04 0.006
Pu-238 . <MDA 0.02 0.007
Pu-239/240 <MDA 0.04 0.01
Pu-239/240 <MDA 0.02 0.008
Pu-239/240 <MDA 0.04 0.002
Pu-239/240 <MDA - 0.05 0.01
Pu-239/240 <MDA 0.02 0.02
U-234 <MDA 0.04 0.007
U-234 <MDA 0.04 0.005
U-234 <MDA . 0.04 0.02
U-234 <MDA 0.04 0.04
U-234 <MDA 0.04 - 0.02
U-235 ' <MDA 0.04 0.009
U-235 <MDA 0.05 -0.01
U-235 <MDA 0.04 0.005
U-235 : <MDA 0.06 0.004
U-235 <MDA 0.05 : 0.009
U-238 <MDA 0.04 0.02
U-238 <MDA 0.04 0.02
U-238 <MDA 0.04 0.02
U-238 <MDA 0.03 0.03
U-238 <MDA 0.04 0.02
*The error in the reported result inciudes the MDA for the measurement.
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Table 6-7. Results of the IV Laboratory Internal LCS QC Measurements for Surface Media Samples

Measured
Laboratory Control QC Sample (LCS) { Expected Results MDA Activity

pCi/mL (Am and Pu) pCilL (U)
Am-241 4.74 0.02 4.70
Am-241 474 0.05 482
Am-241 4.74 0.03 4.47
Am-241 4.74 0.08 4.83
Am-241 4.74 0.04 4.80
Pu-238 10.67 0.05 10.78
Pu-238 10.67 0.05 10.50
Pu-238 10.67 0.06 11.40
Pu-238 10.67 0.08 10.66
Pu-238 10.67 0.05 10.40
Pu-239/240 10.5 0.07 10.74
Pu-239/240 10.5 0.06 10.30
Pu-239/240 10.5 0.07 11.35
Pu-239/240 105 0.09 10.35
Pu-239/240 10.5 0.07 10.81
U-234 16.6 0.1 16.78
U-234 16.6 0.12 15.04
U-234 16.6 0.08 16.27
U-234 16.6 0.07 16.10
U-234 16.6 0.11 15.58
U-235 0.77 0.11 0.88
U-235 0.77 0.13 1.01
U-235 0.77 0.07 0.97
U-235 0.77 0.08 0.75
U-235 0.77 0.13 1.00
U-238 16.6 0.09 16.32
U-238 16.6 0.08 16.49
U-238 16.6 0.08 16.63
U-238 16.6 0.07 15.39
U-238 16.6 0.08 16.37

The units reported for the LCS measurements are different from those used in the rest of the analytical report. The
selection of units of pCi/mL and pCi/L was based on convenience since the known value of the standard used is
reported in pCi/mL and pCi/L. The function and utility of the LCS sample (comparing a measurement resuit with a
known standard) are not compromised by using units other than those used to report sample resuits.

The Internal QC data presented in Tables 6-5, 6~6, and 67 provide substantial indication that
the data quality achieved in the surface media sample analysis is excellent.
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Table 6-8. Results of the IV Laboratory internal Duplicate QC Measurements for Surface Media Samples

Duplicate QC Measured Activity (dpm/sample)

L abssa;':;f: g | Am-241 | Pu-238 Pu-239/240 U-234 U-235 U-238
264775 1.72° 0.22° 0.52° 26.33 1.93° 26.77
264775D 2.5° -0.16° 1.02° 22.87 2.35° 22.87
264789 2.2¢ 0.30° 0.60° 28.33 1.73% 28.55
264789D 2.9° 0.25 1.86° 31.50 1.85° 27.32
264876 2.38° 0.08* 0.47° 26.33 0.55 24.30
264876D 0.9° 0.29° 0.07° 27.77 3.26 29.21
264896 0.81 -0.06° 0.50° 15.36 2.06° 14.61
264896D 1.05 0.17° 0.90° 16.51 1.13° 19.99
264900 1.36° 0.30° 0.03° 40.22 1.79 38.10
264900D 0.7% 0.03° 0.51° 42.19 2.12 43.29

"Either the reported value is less than the MDA for the analysis or the error in the reported result includes the MDA, In this case,
reproducibility between duplicate samples is not achievable with high confidence since relative error is high at sample concentrations
near the MDA. That the duplicate samples yield results, which are consistently at or near the MDA for the analysis provides evidence,
in a gualitative sense, that duplicate measurements are comparable.
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Figure 6—1. Comparison of Duplicate Alpha Isotopic Sample Analysis Results
Linear Regression Fit Plot

6.2.3 Direct Static Measurements

Two sets of data collected by the IVC are pertinent to the assessment of direct static surface
measurement data quality. They are replicate field measurement data and instrument response

check data.
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6.2.3.1 Replicate Field Measurements

The second of the two data sets contains the replicate measurements periodically made over the
duration of the sampling period. In all, 17 replicate measurements were made in survey units
72701, 72702, 78201, and 782-02. Table 6-9 summarizes the cumulative paired replicate
measurement results collected from survey units 729-01, 779-04, 779-17, 779-21, 779-23,
779-35, 727-01, 727-02, 782-01, and 782-02. A regression analysis was performed to assess
the comparability between the initial and replicate measurements and is graphically presented in
Figure 6-2.
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Figure 6-2. Comparison Between Replicate Direct Static Measurements
Linear Regression Fit Plot '

6.2.3.2 Instrument Response Check Data

The first of the two data sets used to present the quality of direct static surface measurements is
the response of the instruments (E600 with a HP-100 probe) to a planar source with a known
amount of radioactivity. The source used was the same source used by the Contractor. It is an
anodized surface source containing 2,398 dpm of Pu-239 radioactivity. The source was
manufactured and certified to be NIST traceable by AEA Technology and assigned a unique ID#
GM-785 (see copy of manufacturer’s certification in Appendix B).

Prior to initiating a survey each day, periodically (=every 2 hours), and at the end of a survey
each day, the survey instrument in use was used to make a measurement on the known
concentration source. The data sheets are provided for the probe used by the IVC during the
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Table 6-9. Results of Replicate Direct Static Surface QC Measurements

R

W)

N,

Sample Location Measured Activity(dpm/100 cm?)
Initial Measurement | Replicate Measurement

1VP0000104 11.5 10.9
1VP0000111 7.5 8.1
IVP0000118 26.0 19.6
IVP0000119 5.0 5.0
IVP0000122 6.0 6.3
IVP0000125 27.2 29.2
IVP0000128 121 14.9
IVP0000129 30.2 26.4
IVP0000135 13.2 13.1
IVPG000136 7.0 13.8
IVP0000149 21.1 14.0
1IVP0000152 20.5 17.0
IVP0000153 344 20.6
IVP0000155 10.6 10.8
IVP0000159 16.1. 16.1
IVP0000176 38.5 321
IVP0000182 19.3 3.2
IVP0000187 12.8 224
IVP0000194 224 22.4
IVP0000206 16.60 16.60
IVP0000212 20.70 29.00
IVP0000218 10.60 13.90
IVP0000226 41.40 16.60
IVP0000236 20.50 27.50
IVP0000242 14.30 11.10
1VP0000248 13.70 20.50
IVP0000254 10.60 10.50
IVP0000259 17.70 7.59
IVP0000276 8.28 8.28
IVP0000282 12.40 12.40
1VP0000288 6.57 10.00
1VP0000254 20.00 16.60
IVP0000299 16.90 10.00
1IVP0000386 11.4 7.4
IVP0000392 8.94 8.97
IVP0O000401 7.31 7.20
IVP0000407 4.31 4,38
IVP0000356 15.8 18.7

| 'vP0O000362 22.0 227
1IVP0000368 15.4 14.0
1IVP0000374 15.8 15.8
1IVP0000379 19.4 19.4
IVP0000306 13.9 10.6
IVP0000312 11.1 10.8
IVP0000318 1.1 1.2
IVP0000324 7.7 7.9
IVP0000426 14.01 14.02
IVP0000432 11.2 7.7
1VP0000438 18.3 18.4
IVP0000444 20.7 17.4
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independent verification of survey units 727-01, 727-02, 782-01, and 782-02. A total of 48
response check measurements were made with the probe during the survey period.

A control chart is provided for the probe for each survey unit (Figures 6-3, 64, 6-5, and 6-6) to
graphically portray the steadfastness of the instrument’s responses to the source over the
sampling period. Notable is the relatively tight band within which the response checks fall. No
degradation of the instrument response was observed over the period it was used indicating that
the 2 hour maximum use constraint on a fresh counting gas charge is adequate and might provide
justification for a longer allowable period between purge and charge cycles.

Instrument Response Check Control Chart
HP-100 Probe #515564

2000
Mean +20%
1900 - 1820
1800--.—'-‘-._'_._.—.--—.,_ ................................
+2 sigma
1683

1700 T v s o sl i s oot *
I BN e
E . *
o .
(-3
Q 1500 -~ e mr e S e e e il + Data Points
£ - . .
g . .

1400 - .

1300 | "

-2 Sigma
' 1350
12m o™ b wm v am v RN P EN P SN 3 WE U W P WS T W K D S M D SR K M N B ¥ M D ¢ D e Em P S Y WS T MmN S WS P Y T S WE P W
Mean -20%
1100 \-l 1213
1000
o] 2 4 [ 8 10 12 14

Figure 6-3. Instrument Response Check Control Chart, Survey Unit 727-01—HP-100 Probe #515564
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dpm/100 cm®

Instrument Response Check Control Chart
HP-100 Probe #515564
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Figure 6-4. Instrument Response Check Control Chart, Survey Unit 727~02—HP-100 Probe #S15564

dpm/100 cm’
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Instrument Response Check Control Chart
HP-100 Probe #515564
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Figure 6-5. Instrument Response Check Control Chart, Survey Unit 782-01—HP-100 Probe #S515564
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Instrument Response Check Control Chart
HP-100 Probe #S15564
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Figure 6-6. Instrument Response Check Control Chart, Survey Unit 782—02—HP-100 Probe #515564
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7.0 Data Quality Analysis

The purpose of this data quality analysis (DQA) is to evaluate the data collected from the field in
light of its intended use in decision making. Decision makers should obtain an understanding of

the verity of the data used in the verification process from reading this section. The DQA uses

guidance from MARSSIM (EPA 1997), Guidance for Data Useability in Risk Assessment
(EPA 1992), information from the IV SAP (DOE 1999a), and professional judgement.

7.1 Detection Limit Adequacy

Each of the three measurement methods used to assess the residual radioactive contamination in
Buildings 727, 782, and 783 have measurement sensitivities which limit the ability of the
measurement to detect and quantify radioactivity. A key concern and design element of the SAP
was to assure that sufficiently low detection sensitivities were achieved. Assumptions had to be

made about the environment and response of the instrumentation and preparation methods in

order to estimate the detection sensitivity before the fact. Now that the measurements have
actually been made, assessment of the actual detection sensitivity achieved is possible.

Section 6.0 presented data which demonstrated that the detection sensitivities achieved were

adequate to identify and quantify radioactivity at a fraction of the applicable limit or DCGL. The

target detection sensitivity planned for in the SAP was =50 percent of the applicable DCGL.

Method detection limits obtained in both the field measurements and the laboratory ‘
measurements used were adequate to compare to the associated DCGL as indicated in Table 7-1,
and met or exceeded the data quality target for measurement sensitivity.

Table 7-1. Adequacy of independent Verification Measurement Detection Limits

DCGL Detection Sensitivity 2Achieved
Measurement Aa:lt){‘t:;al B(?c;t:;:\ggk {dpm/100 cm")

';mz) 727-01 | 727-02 | 782-01 | 782-02
g\::é:gz arzg:lovable surface contamination Smear counting 20 5 <5 ~5 5
Average transuranic surface contamination
concentration as measured by direct surface 90 Second 100
emission. Direct Static a a a a
Maximum transuranic surface contamination Surface 32 43 33 40
concentration as measured by direct surface Emission Count 300
emission.
Average surface transuranic contamination
concentration in and beneath surface coatings 100
as measured by surface media sampling. Alpha 2 2 2 2
Maximum surface transuranic contamination Spectroscopy = ® ® *
concentration in and beneath surface coatings 300
as measured by surface media sampling.
Average surface uranium contamination
concentration in and beneath surface coatings 5,000
as measured by surface media sampling. Alpha 4 4 4 4
Maximum surface uranium contamination Spectroscopy
concentration in and beneath surface coatings 15,000
as measured by surface media sampling.

" “The detection sensitivity reported is net MDA. T

‘52 dpm/100 cm’, respectively).

he adjusted gross MDA is equal to the MDA + background (39, 58, 40, and
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If detection limits had exceeded the DCGL metrics, then declarations based on measurements
made using that method could not have been substantiated. As evidenced by comparing the
decision limits as represented by the DCGLs with the MDA associated with the measurement
method employed in assessing the residual contamination in Buildings 727, 782, and 783, each
detection limit obtained was more than adequate to detect, observe, and make risk management
decisions with confidence.

7.2 Sample Size and Statistical Power

According to the SAP, sample sizes were specified to ensure a false positive error rate (alpha
error) and a false negative error rate (beta error) of no greater than 5 percent when measurement
data sets were compared to the DCGL. For each sample media set—direct surface emission
measurements, smears, and surface media samples—a sample size of 29 (allowing for a

20 percent contingency) was specified in the IV SAP (DOE 1999a). In'the field, 116 direct
surface emission measurements, 116 smears, and 69 surface media samples were actually
collected from designated locations in Buildings 727, 782, and 783.

Based on the results of each of the data sets, retrospective power curves were developed.
Figures 7—1 through 7—4 illustrate the power of the sign test to conclude whether the null

~ hypothesis should be rejected by measuring the probability that a survey unit meets the DCGL.

Values of both error types (Type-I and Type-1I) can be derived from the power curve at any
possible concentration of residual contaminant. Type-I errors (falsely concluding that the DCGL
is not exceeded when it actually is exceeded) are those that concern the risk manager and
decision maker most. The actual and critical sample size (N) are both presented for each of the
four data sets evaluated. The retrospective power curve is calculated using the actual sample size
obtained. The boundary of the gray region represents the concentrations between which there is
insufficient power at the prescribed alpha and beta error rate, given the sample size obtained and
the variability observed in the data set.

Inspection of Figure 7-1 for survey unit 727-01 illustrates that the Type-I error rate drops below
5 percent (the error rate is 1-Power) when the true mean surface contamination concentration is
at the DCGL of 100 dpm/100 cm?, the sample size is 29, and the standard deviation is

7.59 dpm/100 cm? (the actual standard deviation). Alternately, the power to reject the null
hypothesis when the mean surface contamination concentration is as high as 92 dpm/100 cm? is
95 percent. The critical sample size required to provide the power necessary to meet the
sampling objectives outlined in the SAP was determined to be 19. The actual sample size (29)
was much higher than that required, thus the actual power was much higher than required by the
sample design. Note that the estimate of the central tendency, the geometric mean, is plotted
against the power curve. This concentration is significantly less than the concentration at which
the power begins to wane (the lower boundary of the gray region). The power to reject the null
hypothesis at the observed mean concentration in the survey unit is effectively 100 percent.

Sampling and Survey Report for Building 779 Cluster, Buildings 727, 782, and 783 ‘ DOE/Grand Junction Office
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Figure 7-1. Retrospective Power of the Sign Test
Direct Static Surface Measurements, 727—-01
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Figure 7-1 (continued). Retrospective Power of the Sign Test
Direct Static Surface Measurements, 727-02
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Figure 7-1 (continued). Retrospective Power of the Sign Test
Direct Static Surface Measurements, 782-01
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Figure 7-1 (continued). Retrospective Power of the Sign Test
Direct Static Surface Measurements, 782-02
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Figure 7-2. Retrospective Power of the Sign Test
Smear Sample Measurements, 727-01 and 727-02
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Figure 7-2 (continued). Retrospective Power of the Sign Test
Smear Sample Measurements, 782-01 and 782-02
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Figure 7-3. Retrospective Power of the Sign Test
Surface Media Samples/Transuranic Activity, 727-01
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Figure 7-3 (continued). Retrospective Power of the Sign Test
Surface Media Samples/Transuranic Activity, 727-02
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Figure 7-3 (continued). Retrospective Power of the Sign Test
Surface Media Samples/Transuranic Activity, 782-01
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Figure 7-3 (continued). Retrospective Power of the Sign Test
Surface Media Samples/Transuranic Activity, 782-02
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Figure 7-4. Retrospective Power of the Sign Test
Surface Media Samples/Uranium Series Activity, 727-01
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Figure 7-4 (continued). Retrospective Power of the Sign Test
Surface Media Samples/Uranium Series Activity, 727-02
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The same results are observed in Figures 7-2 through 7—4. Rigorous statistical tests of the data
sets are not justified since it is known that every data point comprising each of the data sets was
less than the applicable DCGL. When this occurs, the sign test will always conclude that the null
hypothesis should be rejected, provided that a sufficient number of measurements have been
included in the data set (i.e., actual sample size is greater than or equal to the critical sample
size). Thus, risk managers can be assured that the data collected is sufficiently robust to decide
that the residual surface contamination concentration in the survey unit measured is below the
DCGL.

7.3 Measurement Uncertainty and Data Quality Indicators

As discussed in the IV SAP (DOE 1999a), measurement uncertainty stems from two sources:
field sampling variation, and instrument/laboratory measurement variation. Of the two sources,
field sampling variation was noted as the greatest contributor to overall uncertainty because of
the inherent logistics of sample collection and the one-of-a-kind aspect of sampling the building.
The field measurement methods used in the building survey were standard Health Physics
instrument techniques and were governed by approved procedures used in the field sampling
process. Laboratory procedures were also utilized by the GJO Analytical Laboratory to assess the
radioactivity associated with both smear samples and surface media samples. Surface media
samples were weighed prior to sample preparation to minimize error due to sample mass loss
during sample preparation. An additional control feature utilized to minimize variability and
error in the surface media samples was to homogenize the sample by grinding the surface veneer
material removed to a fine powder. In this way, any aliquot of the sample selected for analysis
could be confidently expected to yield comparable results.

As discussed in the SAP (DOE 1999a), an important activity in determining the usability of the
data based on sampling is assessing the effectiveness of the sampling program (EPA 1998,

EPA 1992). Data Quality Indicators (DQIs) were identified as guidelines for the DQA process to
provide quantitative and qualitative measures of overall data quality and usability. For
comparative purposes, Table 7-2 repeats the target DQIs from the IV SAP and summarizes the
post-sampling data quality assessment.

It is important to note that the Quality Object for instrument precision (r* of ~ 0.75) was not
achieved due to the absence of residual contamination and high radon levels; however, the
instrument precision obtained in the low background environment is determined to be adequate
to meet the intent of this Quality Objective. Most of the sampling area did not contain residual
contamination greater than background. When developing the SAP it was assumed that a
significant amount to residual contamination above background would be present and a value of
0.75 for r* would be achievable. As a result of rigorous decontamination most measurement
results were at or below background activity levels, thus statistical variability was high. This
Quality Object will be changed to reflect a more realistic object based on the low activity levels
found in the Building 779 Cluster.

Inspection of Table 7-2 indicates that the DQIs are achieved and the data is regarded as having
sufficient quality to be useable for verification of the DCGL and for assessing the results and
conclusions obtained by the Contractor.

Sampling and Survey Report for Building 779 Cluster, Buildings 727, 782, and 783 ' DOE/Grand Junction Office
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7.4 Overall Quality Assurance and Quality Control

Based on the forgoing analysis and observed practices in the field, it is apparent that overall
project QA/QC goals were obtained. The key technical features of the project included:

The DCGL derivation and SAP development processes were performed in accordance with EPA
guidance for DQOs (EPA 1997 and EPA 1993).

Field operations were conducted in accordance with the SAP. Modifications to the sample
locations which were either inaccessible or involved appreciable personnel safety hazards were
made in accordance with the approved sample relocation procedure outlined in the SAP.

Data analysis was conducted as prescribed by the SAP and in general agreement with EPA
guidance (EPA 1997 and EPA 1992).

There were no significant problems or incidents that would compromise the findings. The data
collected from the building survey is regarded as useable.

DOE/Grand Junction Office Sampling and Survey Report for Building 779 Cluster, Buildings 727, 782, and 783
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Table 7-2. Target Data Quality Indicators and Findings
DQi Quality Objective Significance Action/Remark Finding
(DOE 1999)
Completeness 90 percent Less than complete One hundred and sixteen direct surface DQl
completeness data set could emission measurements of the 116 accepted.
decrease confidence scheduled were obtained (100 percent).
in supporting One hundred and sixteen of the 116 DQl
information. scheduled smear samples were collected accepted.
(100 percent).
Sixty-nine of the potential 116 surface DQi
media samples were collected accepted.
(60 percent). Less than 29 surface media
samples were collected from each survey
unit because many of the selected
locations did not meet the inclusion criteria
for sampling. An assessment of the a
posteriori power provided by the surface
media sample data sets provide evidence
that the sample size of each survey unit is
sufficient to be considered complete.

Comparability 1) Comparability Affects ability to No measurement data sets were combined | DQI
between instrument combine data sets for the independent verification of the Final | accepted.
efficiencies produced using Status Survey of Buildings 727, 782, and
(~ £10 percent) different sampling 783. Consistent methods, both sampling

and/or analytical and analytical, were used throughout the
2) Common or methods. sampling and survey process.
equivalent sampling
procedure used.
3) Professional
judgement and field
observations.

Representativeness | Sample allocation Non- Sample allocation used in the field strictly DQl
approach foliowed to representativeness followed the approach outlined in the SAP. accepted.
ensure unbiased increases or Two of the one hundred and sixteen
sample location decreases Type | sample locations selected at random had to
selection and spatial error depending on be relocated for personnel safety or
distribution of the the bias and resuits in | location accessibility reasons. Both of them
sampling locations. the need to collect were relocated using the relocation

additional samples to | protocol outlined and approved in the SAP
improve and maintained the spatial and unbiased
representativeness. objectives of the sample allocation
’ objective. Each of the 116 sample locations
was selected without prior knowiedge and
is unbiased. The sample locations selected
meet the intent of the SAP design and are
considered representative of conditions in
the buildings. There are no analytical or
measurement effects (e.g., holding times or
compositing effects) affecting
representativeness.
Sampling and Survey Report for Building 779 Cluster, Buildings 727, 782, and 783 DOE/Grand Junction Office
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Table 7-2 (continued). Target Quality Data Indicators and Findings

19

Dal Quality Objective Significance Action/Remark Finding
(DOE 1999)

Precision Field and laboratory Lack of precision ~ All sampling, field measurement, and DQI
processes will be affects the accuracy laboratory analysis processes were accepted.
governed by or confidence in the controlled by approved written procedures.
procedures. accuracy of the Replicate direct static surface

reported results. measurements made in the field showed
: . adequate precision at the low count rates

sR:;Ig:;e;: %::cl!ltto encountered at most samplq locgtigns

assess variability as an (most were below the detection limit for the

indicator of precision. method).

< 10% difference Regression analysis on the ‘paired data

between replicate and yielded a r:egression coefficient of

split samples determination of 0.52 and a standard error

. ) estimate of 4.9%.
bOev:: 'L: :;;ggja?ar Field instrument response checks am_i )
sets laboratory control standards and continuing
) calibration verification measurements

demonstrated the precision of the

Standard error of the laboratory analytical methods showing less

regression estimate than 10% error when control samples were

(SSE £10%). measured more than once.
Caution must be exercised when
attempting-to measure precision on
replicate measurements with activity near
and below the detection limit. Statistical
variability at near zero activity limits the
likelihood that measurements results will be
precise even when sampling and analytical
methods are in fact precise and suitable at
concentrations approaching the DCGL.
Overall sampling variability is another
measure of precision. Quantitative metrics
describing measurement precision are all
acceptable. CV's range from 0.29 to 0.82
and the Clys for each data set was more
than 50% below the applicable DCGL.

Accuracy Field and laboratory Accuracy is affected All procedures were implemented. Spikes Dal
processes will be by bias and precision. | and Blanks returned expected results. accepted.
governed by A lack of accuracy Responses to samples (or sources)
procedures. can affect Type land | containing known amounts of radioactivity

Type Hl errors were consistently within £10% for every
Response to samples depending on the analytical measurement method used.
containing known bias. Field responses to a low-level source
amounts of radioactivity containing a known amount of radioactivity
should be within +10%. were consistently within the acceptable
range of £ 20%. As shown above, precision
: was acceptable
QC Blank samples
should return results
below detection limit.
QC spike samples
should return results
indicating the presence
of the radioactivity of
interest.
CV = Coefficient of Variation
Ci = Confidence interval
? =  coefficient of determination
DOE/Grand Junction Office Sampling and Survey Report for Building 779 Cluster, Buildings 727, 782, and 783
March 2000 Draft Final .
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8.0 Summary and Conclusions

8.1 Independent Verification Sampling and Survey

On the basis of the analysis presented in Sections 3.0 through 7.0 of this report, the IVC has
demonstrated that survey units 727-01, 727-02, 782-01, and 78202 have met each of the
compliance benchmarks, or DCGLs. These results show that residual surface radiological

‘contamination is well below the agreed upon benchmarks for the Building 779 Cluster

Decontamination and Decommissioning project applicable to Buildings 727, 782, and 783.

Table 81 provides a summary review of the DCGLSs compared to the appropriate compliance
parameter. The actual reported values in Table 8—1 represent the highest measurement recorded
in all four survey units for each of the metrics. The independent verification sampling and survey
results are highly reliable and consistent with the field sampling and survey design. No
unexpected results or trends are evident in the data. The sampling and survey results determined
that residual radiological contamination in Buildings 727, 782, and 783 is very minimal and, for
the most part, barely above background levels. Thus, the IVC concludes that the null hypothesis
for survey units 727-01, 727-02, 78201, and 782-02 (that residual radiological surface
contamination exists in concentrations above the DCGLs) should be rejected.

Table 8-1. Comparison of Buildings 727, 782, and 783 DCGLs to Highest Observed Compliance

Parameters
Surface Radioactivity (dpm/100 cm®)
Metric Actual Pass/Fail
DCGL -
{UCLgs) Maximum
Mean surface contamination as measured
by direct surface emission ' 100 220 Pass
Maximum surface contamination as
measured by direct surface emission 300 Pass
Mean removable surface contamination 20 Pass
Mean total transuranic surface
contamination on and beneath a surface 100 Pass
with a surface coating as measured by
surface media sample
Maximum total transuranic surface
contamination on and beneath a surface
with a surface coating as measured by 300 Pass
surface media sample
Mean total uranium series surface
contamination on and beneath a surface
with a surface coating as measured by 5000 Pass
surface media sample
Maximum total uranium series surface
contamination on and beneath a surface
with a surface coating as measured by 15,000 121 Pass
surface media sample
DOE/Grand Junction Office Sampling and Survey Report for Building 779 Cluster, Buildings 727, 782, and 783
March 2000 Draft Final Page 8-1
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8.2 Independent Review of the Contractor’s Final Status Survey Report and
Conclusions

The IVC has completed a comprehensive review of the Contractor’s Closeout Radiological
Survey Report for Buildings 727, 782, and 783 (RMRS 1999c¢) and concurs with the conclusion
reached by the Contractor—that each survey unit in Buildings 727, 782, and 783 met the
applicable DCGLs and that the building should be released from further radiological controls.

Sampling and Survey Report for Building 779 Cluster, Buildings 727, 782, and 783 DOE/Grand Junction Office
Page 8-2 C Draft Final March 2000
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Building 782

Random Selection Program to Select Survey Units for IV
Two survey units are to be selected for this building: One exterior and one interior.

CTRL - ALT - F9 to recalculate . Random Number Selected = 5
Random Number Selected = 1
Building 782
Survey Unit ID# Class (1, 2, 3) Weighting
782-01 (interior) 2 3 5
782-02 (exterior walls) 2 3
782-03 (exterior roof) 2 3
6
7 782-03
8 782-03
9 782-03
9

NOTE: Survey Unit 782-01 was changed by the Contractor to include the

exterior walls and roof. Survey Unit 782-02 was changed to
include the Plenum Area (interior).




783, 727, 780, 780A, 780B

Random Selection Program to Select Survey Units for IV

Two survey units are to be selected for this building: One exterior and one interior. Since only two survey units have been

identified for this building qroup, both will be surveyed.

CTRL - ALT - F9 to recalculate Random Number Selected =
' Random Number Selected =
Buildings 783, 727, 780, 780A, 780B
Survey Unit ID# ' Class (1, 2, 3) Weighting
727-01 (interior) 3 1
727-02 (exterior) 2 3 .2 727-02
4



AEA Technology
QSA Inc.

403 North Avenue

| AEATECHNOLOGY

Burlingrton, MA 01803

CERTIFICATE OF CONFORMANCE Telephone (731) 2722000

Telephone (800) 815-1383

Facstaule (781) 273-2216

TO: MACTEC-ERS, LLC
For the U.S. DoE
2597 B-3/4 Road
Grand Junction, CO 81503

This is to certify that the items listed below, which were ordered against purchase order
number 21764, meet AEA Technology QSA Inc’s catalogue specifications and that they
comply with the requirements specified in the purchase order. AEA Technology QSA Inc
certifies that all materials were produced and controlled in accordance with our
documented Quality Assurance Program.

Item | Quantity Product Code Description Serial No.
No.
1 1 PIR07012 Pu-239 Anodized
aluminum G‘M - 7g5—-
source, .

AD-100x150mm,
OD-120x170mm,
NIST traceable®,
QOverall
uncertainty +/-6%
at 95%
confidence level

*Calibration test records are on file in our measurement laboratory and are available for
contractor’s review, if required.

Ross Jones
Technical Sales Manager

11% M 1999

AEA Technology ple registered offlice

329 Huarwell. Dideot, Oxfordshiee OX11 ORA
Registered in England and Wales

nuuber 3093862



DEUTSCHER KALIBRIERDIENST DKD

Kalibrierlaboratorium fur Mefgrélen der Radioaktivitat
Calibration laboratory for measurements of radioactivity

AKKREDITIERT DURCH DIE

PHYSIKALISCH-TECHNISCHE BUNDESANSTALT (PTB) %

AEA Technology QSA GmbH
Postfach 58 42 Gieselweg 1
D-38049 Braunschweig D-38110 Braunschweig

Tel. +49 (0) 5307 932-0
Fax +49 (0) 5307 932-194

Source no. GM 785

Kalibrierschein
Calibration Certificate

05872

DKD-K-
Kaliprierzeichen 06501
Calibration mark 99-03

Gegenstand

Object Alpha Wide Area Reference Source

Hersteller

Manufacturer AEA Technology QSA GmbH

Typ

Type - PIR07012.

Strahler-Nr.

Source number GM 785

Auftraggeber

Customer AEA Technology QSA, Inc.
USA-Burlington, MA 01803

Auftragsnummer

Order No. 110746

- Anzahi der Seiten des Kaiibrierscheines

Number of pages of the certificate 2

Referenzdatum

Reference date

23 February 1999

Dieser Kalibrierschein dokumentiert die
Rackfahrung auf nationale Normale zur
Darstellung der Einheiten in  Uber-
einstimmung mit dem Internationalen
Einheitensystem (Sl).

zeichner des multilateralen  Uberein-
kommens der European cooperation for
Accreditation of Laboratories (EAL) zur
gegenseitigen Anerkennung der Kalibrier-
scheine,

Fur die Einhaltung einer angemessenen
Frist zur Wiederholung der Kalibrierung ist
der Benutzer verantwortlich.

This calibration certificate documents the
traceability to national standards, which
realize the units of measurement according
to the International System cf Units (Sl).

The Deutscher Kalibrierdienst is signatory
to ine muitiiaieral agreement of ine
European cooperation for Accreditation of
Laboratories (EAL) for the mutual
recognition of calibration certificates.

The user is obliged to have the object
recalibrated at appropriate intervals.

Dieser Kalibrierschein darf nur vollstandig und unverandert weiterverbreitet werden. Ausziige oder Anderungen beddrfen
der Genehmigung sowoh! der Physikalisch-Technischen Bundesanstalt als auch des ausstellenden Kalibrieriaboratoriums.

Kalibrierscheine ohne Unterschrift und Stempel haben keine Gultigkeit.

This calibration certificate may not be reproduced other than in full except with the permission of both the Physikalisch-
Technische Bundesanstalt and the issuing laboratory, Calibration cemﬂcates without signature and seal are not valid.

/7

Stellvertreter Bearbeiter

Person in charge
R

et

Schott Linke / Schott / Schiler

Der Deutsche Kalibrierdienst ist Unter- l
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Cross Reference Table for Blank and Spiked Samples for

Survey Units 727-01, 727-02, 782-01, and 782-02

LS amr.’Ie Sample Ticket Number Date Transferred Smear Number
ocation (IVC)

IVP0000261 259767 01/25/00 SMR0000261
IVP0000262 259760 01/25/00 SMR0000262
IVP0000263 259759 01/25/00 SMR0000263
1VP0000264 259730 01/25/00 SMR0000264
IVP0000265 259766 01/25/00 SMR0000265
IVP0000266 259762 01/25/00 SMR0000266
IVP0000451 259731 02/01/00 SMRO0000451
IVP0000452 259732 02/01/00 SMR0000452
IVP0000453 259739 02/01/00 SMR0000453
IVP0000454 259735 02/01/00 SMR0000454
IVP0000455 259736 02/01/00 SMR0000455
IVP0000456 259737 02/01/00 SMR0000456
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230

Fage 6 of 6 5/20/99
Data Set Sheet
SHP100 Property Number, > /55¢4 Serial Number. /07
Eberline E600 Property Number § /Sp2Z Serial Number _ 32/
2.2 Calibration Source
Isotope/ | Source |Certified Activity|Observed Activity | % Difference |Efficiency| Sov&eg
Source Serial No. (dpm) (dpm) cpm/dpm | §2De7ry
€136 SA-90 |0sc”Lodf77 /¢, 600 .3 /A 3838 137 mm o5 |
230 Pu-239 6m-78S" |/L 04 dom/ffoooat /48%/,;/ . 4,999, |./949 11S0em® prane)
’ 165Ca
49 Record the alpha background count rate (< 5 cpm) 2. ‘/ cpm

4.12  Record the beta background count rate (< 600 cpm) o? 713 cpm

>

4.14  Record the beta efficiency (cpm/dpm) in the cell marked “4.14" in the right hand column
of the above table.

4.18  Decrease in beta efficiency after 4 hours A//"" % sSe¢ J7E 2/
Y19 Geomezey - DE7TQDE CEVTFRE DB SOVRSS, ResBE Fres @ = 3//6

5. Completion

Service RequestNo. ___ N/&. PASSED ¢~ FAILED

(Reason)_/RIBE (A /8RATN FoR USE € PETS, [VC SULUEYS

Limired
6. Calibration Sticker and Interval

New Sticker Attached .~ DueDate (o / 30 /000

This calibration complies the requirements of ANSI 323-1978 and 10 CFR 835, and has been
calibrated using standards whose accuracy is traceable to the National Institute of Standards and

Technology. .
BNy AL e L1205
)T 7

J
Tl THS 1S PenDenet #s PaeT oF THE Fred O.C, 9F THE AP-r00 [RIBE

LIHCRE B ponsE CHekS ARE FPRFOZMED Fop e PROBLS n evERY HPVE

Dzé/ézz,/n@ Fretd use, 67(/@;@51@{ SHIWS Fpar P Y (°<> DoES U7
RADE moRE Twtgnl Z0Y% pvpv -+ eazsi S,

SE a7t D Glonias. EX THE 2 Houk PERSY A PrRSEC 7S LASED .

B PLarem (eams WAS W07 PRITTED a7 Fat Rezotd SNEE pp Py 7R WAS

INALABLE N 7HE FIELD. THE SELECTED H14H VOr7ig £ (1572 VaC) Bexui7z0 1N
L 19 B > X crossrK, _

Field Calibration Procedures
Ebcrline SHP100 Series Proportional Gas Detector

WASTREN, Inc.
Calibration Program Standard
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EBERLINE E-600 CALIBRATION REPORT

06/30/99 10:30:36

E-600

Smart

Serial Number

Program Version
Calibration Date/Due Date
Scaler Precision

Lower Threshold Slope
Lower Threshold Intercept
Upper Threshold Slope
Upper Threshold Intercept
Alarm Editing

Latching Alarms

Auto Ranging

Beep on Auto-Range
Ignore E-600 Cal. Date
Ignore Probe Cal. Date
Ratemetexr Mode Support
Integrate Mode Support
Scaler Mode Support

Peak Hold Mode Support

Background Update Mode Support

Log ID Source

Star Key Ratemeter Function
Star Key Integrate Function
Scaler Display Units

Scaler Counting Mode

Probe Serial Number

Type

Calibration Date/Due Date
Dead Time

Surface Area

Max High Voltage
Overrange

321

: E600 Vv3.12

03/23/99 to 03/23/00
10%

0.9524

-0.1429 mV

1.02

-0.6074 mV

: Enabled
: Enabled
: Disabled
: No

: No

: No

: Enabled
: Enabled
: Enabled
: Enabled
: Enabled

Internal/Aux.
Zero Display
Zero Display

: Rate
: Fixed Time

108

: HP-100

06/30/99 to 06/30/00
7.50 usec

100 cm2

1900 vdc

80000 cps



Page 2

Probe HP-100 109 continued...
Channel 1

Upper Cal. Constant
Scaler Time

Lower Cal. Constant
Scaler Time

Lower Cal. Constant
Upper Cal. Constant
Scaler Time

Lower to Upper Crossover
Upper to Lower Crossover

e ee

ot ss as

PSS

Channel Type : Alpha

Rate Units dpm/100cm2
Response Times : 22,10,3 secs
High Voltage : 1572 Vdc
-Lower Threshold : 1.00 mV
Upper Threshold : 27.1 mV
Selected Window : Upper

0.1949 counts/disint.
90 secs

Lower to Upper Crossover 0.0012
Upper. to Lower Crossover 0.0838
Channel 2
Channel Type : Beta
Rate Units : dpm/100cm2
Response Times : 22,10,3 secs s
High Voltage 1572 vdc
Lower Threshold : 1.00 mV
Upper Threshold : 27.1 mvV
Selected Window Lower

0.3838 counts/disint.
90 secs

Lower to Upper (Crossover : 0.0012

Upper to Lower Crossover : 0.0838
Channel 3

Channel Type : Alpha/Beta

Rate Units : dpm/100cm2

Response Times : 22,10,3 secs

High Voltage : 1572 Vdc

Lower Threshold : 1,00 mV

Upper Threshold 27.1 mV

Selected Window Both

0.3838 counts/disint.
0.1949 counts/disint.
90 secs

0.0012

0.0838

o

o)

Cable Length: & inc
S.ignat:ure:< EZ;M %LIVED‘/ Date: QZEO/?7
J 0 T 7 4



— After-Calibration Source Response Check Data Sheet
Location & Qé /_‘ /4 /), JU C Detector/Probe Data (ifapplicable)
Month 42’2 Day _ 7 Year £27% Manufacturer  EBECR L s e

“Model No. £ co0/w Sip-/007 /09

: /5~s6¥
Survey Instrument Data Government Property No. i o

. _ : Calibration Due Date
Manufacturer __ & Be&l /e

Model No. & -éoo Check Source Data
Government Property No. cPL /562 Isotope __ At = 2 37
Calibration Due Date _ 3~ 43~ 2O Source LD.No. (#7272 - 78S
Inelrument | Source Detector | shielding/Geometry ';:::;Z’: -20% +20% | Scale Units
L1 | GowmmcT v/ 05 | /195 )
v A ~ /f RUGR 72 AEE T /ég/ /3 ? 7 700 e
Comments:

VRS #M/LJﬂj\/ ?/ 4 / 77

Performed by (print) Date
J. Ley 8/6/97
Revi!wad by (print) Réviewed byf (signature) Date ’

GJO 1974e File Index No.
_11/38

2G
B

;
[y

. - - - - -»
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This appendix contains the raw ASCI text file data download directly from the E-600
instrument’s memories without modification, sorting, or data reduction of any kind. The data are
actually contained in three separate ASCI files, one file corresponding to each date in which
information was collected. One unique aspect of this data presentation is that the data is
presented exactly in the chronological order in which it was collected in the field. This provides
an electronic time stamp permitting verification that time criteria included in the field operating
procedures associated with the IV SAP were met.
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